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STANDARD OPERATING PROCEDURE MP-001, Rev. 18
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Eberline Services — Oak Ridge Laboratory
LABORATORY DATA SUPPORT CHECKLIST
MP-001-3

17-07082

Eberline Services Work Order #

The checklist items listed below are to be initialed by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist Items

7-1%-n| Te b Sample Log-In
ﬁ/’ })Pf @ Data Compilation

Q‘bﬁ;qf’m/ First Technical Data Review

9- /ﬂ/ I AT Second Technical Data Review
{l'/l ‘i/l 1 Data Entry/Electronic Deliverable

yd
"L/l Q/’r)_ /D/ Case Narrative
%ﬁ//i W VQ Electronic Deliverable Proof
] /| Samples Analyzed within Holding Time
o Ief e
Y eview
JES ,I 2 S

- Client in Possession of Data
Electronic or Hard Copy

Invoiced by Laboratory

Technical/Clerical Corrections, Signatures Needed, Problems, Etc Date/Initials
S e
\“\'\-.
Date package approved by: I\ \ i gi@ ?//1 2/
Laboratory Manager Date .

Radiochemistry Services

0003

Copy No.
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Work Qrder # -
Internal ork Order 17-07092
EBERLINE . Lab Deadline 8/10/2017
SERVICES Chaln Of
Oak Ridge Laboratory C t d Analysis UUISO - Level 4
USto y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location

04 34 L1.5

05 39 11.5

06 30 L1.5

07 44 LL.5

Report on dry weight basis. 08 28 L1.5

09 34 L1.5

10 45 LL.5

11 33 L1.5

12 90 L1.5

13 87 L1.5

14 87 1L1.5

Fraction 13 is MS of fraction 12. 15 122 L1.5

16 44 L1,5

. ] ] 17 41 L1,

Fraction 14 is MSD of fraction 12. 18 a7 s

19 36 LL.5

20 60 L1.5

Locatian (circle one) : Initials Date

Recelved by Sample Storage Rough Prep Prep Separations Count Room &?9‘ w‘_‘/guﬁ H S‘\ 2!‘-- ’ /\

Relinquished by Sample Storage ough F;?b?’ Prep Separations Count Room /@\fﬂ r ?“g L ,) 4
{ ____ k&, Sft«. ) .

Received by Sample Storage Rough@ Separations Count Room/ar %" 4 g/_ 5 ,./ 7
Relinquished by Sample Storage Rough@ Separations Count Room - [ i

Received by Sample Storage R?@ Prep Prep @ Count Room {’ /% l 5 C[ d

S,
©

-
Relinquished by Sample Storage Rough Prep Prep Geparaﬁons ; Count Room W/ ﬂ 9-'”4 7 %h{
Received by Sample Storage Rough Prep Prep Separations = /22’4{
— o 7 28
P —
Relinquished by Sample Storage Rough Prep Prep eparalions )(,Lb I 1’\1
Ul e
Received by %or@ Rough Prep Prep Separations Count Room
R
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

Printed: 7!192910 ZEM PM



Inte rnal Work Order # 17-07092
EBERLINE - Lab Deadline 8/10/2017
Strvices Chain of
. Analysis -
Oak Ridge Laboratory Custod Y ThISO - Level 4
u Yy Sample Matrix SoillSolid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 34 LL1.5
05 39 L1.5
06 30 L1.5
07 44 L1.5
Report on dry weight basis. 08 28 L1.5
09 34 L1.5
10 45 L1.5
11 33 L1.3
12 90 L1.5
13 87 L1.5
14 87 L1.5
Fraction 13 is MS of fraction 12. 15 122 L3
16 44 L1.5
. . . 17 41 L1.5
Fraction 14 is MSD of fraction 12. 18 pe 15
19 36 L1.5
20 60 L1.5
Location (circle one) Initials Date
Received by Rough Prep Prep Separations Count Room /13(‘) k,__'7 5‘ t 9\ -2 1 ’3
Relinquished by Sample Storage ough Pr; Prep Separations Count Reom &,tg_ 1 © % 4
Cmrms' o beyses” ;1537
Recelved by Sample Storage Rough Pre@ Separations Count Rnomﬁ Lf /Jﬁ
= A
Relinquished by Sample Storage Rouh%;/rv Prep ’ Separations Gount Room !
- N
Received by Sample Storage Rough Fep Prep eparath Count Room C
- /]
L= B
Relinquished by Sample Storage Rough Pkp Prep Eeparations > Count Room ‘wp ﬂ 9’ 1 / 4] 7 03) i(
Received by Sample Storage Rough Prep Prep Separations Touit Ro /‘ / M
Relinquished by Samplj‘Sdti'age Rough Prep Prep Separations @ l(fj 9/l1) &s\ \ l\'tl.[
Received by Sa@ Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Recelved by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Recelved by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

Printed: 7.’19910 §04 PM



Internal Horkcrier# 070¢
EsErRLIim= Chain of Lab Deadine See Comments
. Analysis -
Qak Ridge Laboratory C UStOd 4 Gamma - Level 4
y Sample Matrix SO
Sample HP 210/270 Storage
Com men tS Fraction Detector Activity Location
04 34 L1.5
- N 05 39 L1.6
Re-Analysis: 2Fractions 04-12 & 15-20 only: 21 day 05 30 1.5
ingrowth: Report Ac228, Bi212, Cs137, K40, Pa234m, Pb212, gg ‘2‘; ﬂg
Ra224, Ra226 from Bi214/Pb214, Ra228 from Ac228, T1208, ) ) 15
Th234 & positives. Report on dry weight basis. £_.1 :‘1’ ;g t}g
' o741 12 20 (15
R TS ' . 122 LS
- 16 44 L1.5
- _ } 17 a1 [15
H 18 47 L1.5
’ ' ! 4 19 36 L1.5
Prbiidhdnkodldeminidtoirenmiltakolpoaleiladdinfvomme 20 60 L1.5
Location (circle one) Technician Inifials
Received by Sample Storage { Rough Pép Prep Separations Count Reom ,,2?01 ‘Lb-l 9 . A 9» l ,\m
T )] _ -
Relinquished by Sample Storage @gh P Prep Separations Count Room / [ ?{ E.‘Z %
e
Received by Sample Storage Rough Prep Prep Separations @ / ?/ — g/j {
ey < —eg/dng
Relinguished by Sample Storage Rough Prep Prep _.,..Sepam X ’_,@éf 2':)’/ qﬁé?
o — ‘L
Received by Sanh Prep Prep Separations Count Room
Relinquished by S@:Ie Storage Rough Prep Prep Separations Count Room
Regeived by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Reorm
Received by Sample Storage Rough Prep Prep Separations Count Room
Refinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Reom
Ralinguishad by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separalions Count Room

Printed: TIQ/QlQQ:H PM
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STANDARD OPERATING PROCEDURE MP-001, Rev. 18

Effective: 2/11/17
Sample Receiving Page 13 0f 15

EBERLINE

SERVICES

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST

i MP-001-2
WORK ORDER # 17-p70 92
v . =

SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)

AQUEOUS ~TNON-AQUEOUS

(CIRCLE EITHER YES, NO, OR N/A)

WERE SAMPLES:
Received in good condition? (@
Y

If aqueous, properly preserved

(N

$VERE CHAIN OF CUSTODY SEALS:

Present on cutside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

SISIESIS

Was chain of custody present upon sample receipt?

IF THE RESPONSE TO ANY OF THE ABOVE 1S NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: DATE: Z-1F-117

Copy No. Radiochemistry Services

0012



SECTIONIII -

CASE NARRATIVE

0013.



EBERLINE ANALYTICAL CORPORATION
60l SCARBORC ROAD

OAK RIDGE, TENNESSEE 37830
PHONE (865) 481-0683

Fax (865) 4LB83-L621

@ EBERLINE
Ej) SERVICES

EBS-OR-42721

September 27, 2017

Smita Sumbaly

Weston Solutions, Inc.

1090 King Georges Post Road, Suite 201
Edison, NJ 08837

CASE NARRATIVE
Work Order # 17-07092-OR

SAMPLE RECEIPT

This work order contains fifteen solid samples received 07/18/2017. These samples were analyzed for
Isotopic Uranium, Isotopic Thorium and by Gamma Spectroscopy.

CLIENT ID LAB ID CLIENT ID LABID
HTC-A08-S001-0006-01 17-07092-04  HTC-A09-S001-0006-01 MS 17-07092-13
HTC-A08-S001-0612-02 17-07092-05 HTC-A09-S001-0006-01 MSD 17-07092-14
HTC-A08-5001-1218-01 17-07092-06 HTC-A09-S001-0006-02 17-07092-15
HTC-A08-S001-1824-01 17-07092-07 HTC-A09-S001-0612-01 17-07092-16
HTC-A08-S001-2430-01 17-07092-08  HTC-A09-S001-1218-01 17-07092-17
HTC-A08-S001-3036-01 17-07092-09  HTC-A09-S001-1824-01 17-07092-18
HTC-A08-5001-3642-01 17-07092-10 HTC-A09-S001-2430-01 17-07092-19
HTC-A08-S001-4248-01 17-07092-11 HTC-A09-S001-3036-01 17-07092-20
HTC-A09-S001-0006-01 17-07092-12

ANALYTICAL METHODS

Isotopic Uranium was analyzed using EPA Method 908.0 Modified. Isotopic Thorium was analyzed using
EPA Method 907.0 Modified. Gamma Spectroscopy was performed using EPA Method 901.1 Modified.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.

Minimum Detectable Activity (MDA) values for data represented in this report are sample-specific.
MDA measurements are determined based on factors and conditions including instrument settings, aliquot

size and matrix type.

SPECIAL CIRCUMSTANCES

Samples were dried and ground prior to analyses. Results are reported on a “dry weight” basis.
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. Chemical
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranium-232 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-233/234, Uranium-235/236 and Uranium-238 method blank demonstrated
acceptable results. Results for the Uranium-233/234 duplicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Uranium-235/236 and Uranium-238 duplicate demonstrated an acceptable relative percent
difference and normalized difference. Results for the Uranium-234 and Uranium-238 laboratory control
sample demonstrated an acceptable percent recovery. Results for the Uranium-234 matrix spike
demonstrated a low percent recovery. Due to the positive nature of this sample, resolution of the matrix
spike addition was problematic. Results for the Uranium-238 matrix spike demonstrated an acceptable
percent recovery. Results for Uranium-234 and Uranium-238 matrix spike duplicate demonstrated a low
percent recovery. Once again, due to the positive nature of this sample, resolution of the matrix spike
addition was problematic. This sample was not a viable candidate for matrix spiking due to its positive
nature. Limiting activity in the sample due to inherent mass and activity considerations with Isotopic
Uranium determinations precludes our ability to resolve matrix spike additions. Uranium-234 and
Uranium-238 matrix spike and matrix spike duplicate results are statistically equivalent to the known with
consideration of the result uncertainty. Both the matrix spike and matrix spike duplicates demonstrated an
acceptable normalized difference. When matrix spikes are designated by the client, this is a condition that
is out of the laboratory’s control and failure of matrix spikes in these conditions is not a reason for
rejection of data.

ISOTOPIC THORIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. Thorium was selectively extracted by ion exchange. Thorium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-232. Chemical
recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium determinations. The Thorium-228, Thorium-230
and Thorium-232 method blank demonstrated acceptable results. Chemical recovery was acceptable for
all samples. Results for the Thorium-228 duplicate demonstrated a high relative percent difference;
however, normalized difference is within acceptable limits for the analytical technique. Results for the
Thorium-230 and Thorium-232 duplicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Thorium-228, Thorium-230 and Thorium-232 laboratory control
sample demonstrated an acceptable percent recovery. Results for the Thorium-228, Thorium-230 and
Thorium-232 matrix spike and matrix spike duplicate demonstrated an acceptable percent recovery.
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ANALYTICAL RESULTS CONTINUED

GAMMA SPECTROSCOPY

Samples were dried, homogenized and placed into appropriate gamma spectroscopy geometry containers.
Samples were then sealed for 21 days to allow for ingrowth of Radon-222 and progeny. Samples were
counted on High Purity Germanium (HPGe) gamma ray detectors. Energy lines from Lead-214 and
Bismuth-214 were analyzed for determinations of Radium-226 activity.

Initially samples were counted on an “as received basis” and preliminary data only was emailed. After the
initial count, samples were dried, pulverized and sealed for Radon-222 ingrowth. Samples demonstrated
acceptable results for all gamma emitting radionuclides as reported. Results for the method blank
demonstrated acceptable results for all gamma emitting radionuclides as reported. Results for the
Potassium-40, Radium-226 and Radium-228 replicate demonstrated an acceptable relative percent
difference and normalized difference. Results for the Cobalt-60 and Cesium-137 laboratory control
sample demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

N

M.R. McDougall
Laboratory Manager

Date: 9/27/2017

Eberline Analytical wanls and encourages your feedback regarding our performance providing radioanalytical services. Please
visit http://www.eberlineservices.com/client.htm to provide us with feedback on our services.
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SECTION IV

"ANALYTICAL RESULTS SUMMARY
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[ QA REVIEWED |CERTIFICATE OF CALIBRATION
' \sae 1[Il i 1| ALPHA STANDARD SOLUTION

Radionuclide: - - U-238NAT Customer: TMA EBERLINE
Half Life: (4.468 4 0.005) x 10”9 years P.O.No.: OR2778
Catalog No.: 7338 Reference Date: January 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 nCi
Contained Radioactivity: (Total U) 297 kBq

Description of Solution :

a. Mass of solution: 65.2806 g in a 50 ml flame sealed ampoule

b. Chemical form: Uranyl Nitrate in H20

¢. Carrier content: None

d. Density: Approximately 1.3202 . g/mt @ 20°C. .
Radicimpurities Refer to attached technical data sheet
Radioactive Daunghiters ¢

Refer to attached technical data sheet

Radionuclide Concentration

(Total U) 0.1228 KCg.

~ Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement :

a. Systeratic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): ' +2.0%

d. Total uncertainty at the 99 % confidence level: _ +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s) ’

See reverse side for Leak Test{s) applied to this source.
Notes '

1. Nuclear data were taken from "Table of Radioactive Isotopes”, cdited by Virginia $. Shirley, 1936.
2. IPL participates in an NIST measurement assurarice program to estabfish and maintain implicit traceability for a number of nuclides,
based on the blind agsay (and Jater NIST certificaiion) of Standard Reference Materials (Az in NRC Regulatory Guide 4.15).
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QUALITY CONTROL PROGRAM
%EEERLEL%E“ MP-009 .

Rev.8; 11/01/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE: -
SOLUTION REFERENCE #|IPL:479:50::: 4 SOLUTION #
Principal Radionuclide Half LIfe,‘Years T Half Life, Days

{0 1.632E+12)

Radionuclide} Reference Datef: 1/1695:0:00}
Certified Activity} 0| uCi ,
Certified Concentrationi uCi per gram
Ampoule /Solution Gross 400{Weight, Grams
Empty Ampoule| 20|Weight, Grams
Solution Net Weight, Grams

Total Activity in Ampoule| - uCi

Juti

ition of Standard

Difution Instructions: ' : Dilution Solvent Used

).\ mifliliters

Dilute to a volume off: 1l

Certified Total Activity of|..-"".8.0160|uCi  Which Equals b 1. 780E+07 | dpm at the date listed above
concentration is based on the original

is activity
- And after dilution the activity of this solution is| 1.77955E+04 dpm:'ml'eferenoe date listed above. Al activities are corrected
to the date and time of analysis by the laboratory data

processing software.

Expiration Date:[™ June 28,2018 _ |

Verified & Approved By M "\j\ Date:  7/12/2017 0:00

QC Approval Date: ’7! 95! (2
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%E — QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Tile: Radipactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
. SECONDARYDILUT ION RECERTIFICATION

MP-008 ' Date! - 'J?I12120.17'_0:00
Solution Reference #{IPLiA79:50: } Solution #
Pnnc: al Radionuclsde H !fLife Years Half Life, Days

+11.632E+12]

Radionuclide of Interest}:
Parent Solution Cong.

Reference Datal:

REEE

=B dpﬁﬂml

Dilution Instructions: : ' Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:
Total Activity:
Final Volume:

ml
dpm Final Activity Concentration:{: = - %
mi

< 7:1182E+01]dpm/mi

This activity concentration is based on the original
] reference date listed above. All activities are
NOTES: . corrected to the date and time of analysis by the
laboratory data processing software.

Isotopic Distribution as:

LU-238 Atom % = 48.230  U-238 = 71.182 dpm/ml X 0.48249 = 34.345 dpmimi
UJ-235 Atorn % = 2.25 U-235 = 71.182 dpm/mi X 0.0225 = 1.802 dpm/mi
U-234 Atom % = 49.501  L-238 = 71.182 dpmvmi X 0.49501 = 35.236 dpm/ml
All values H- 3.6%

Expiration Date:{ — June 28, 2018 |
Isotopic ratios from manufacturer's data sheet .

Verified & Approved By ‘\ N Date: ___7/12/2017 0:00

. \-' '
QC Appraval Z E;&A g&ﬁ £ § _ Date: -r-7/ QS/}"?
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'RECORD COPY

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

Remarks

" Approved
Signatory

Principal radionuclide:

Product Description & Measurement Certificate

uranium 232 (U-232)  Product code: UDP10050
Daughter Nuclide: Th-228 Batch Number: 92/232/67
Reference date: 01 March 2000
'Radicactive concentration U-232 6.739E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution
Mass of solution £.35¢ gramis
Volume of solution 5.035 millilitres
Total activity of U-232 3.61E+04 becquerels

which is equivalent to 9.76E-01 microcuries
Method of measurement (see reverse of this certificate)

Random uncertainty is: £ 0.7%  Systematic uncertainty: £ 0.5% 7
Overall uncertainty in the radioactive concentration quoted above: +1.7%
Cverall uncertainty is defined on the reverse of this certificate.

Any radioactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

The jsotopic composition, expressed as atom per cent at the reference date .

Not measured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solutlon in a flame sealed glass vial.
Tais Tracer solution has been produced 'carrier fres'.

Recommended ha]f life of uranium 232; 6.980E+01 years

Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%
Branching ratio for alpha emission: 100% '
Calculated specific activity of uranium 232: 8.167E+05 Bq per microgram 1-232,

For safety information and notes to ensure correct usage by all persbns handling this radioactive Tracer
solution please read the instructions accompanying the package.

' AEA Technology operates a quality management system which has been independently audited and

approved to ISO 90G1.

O \.t‘%{m

K,a‘ym[/\/

Roger Wiltshire

Project Ref. AE2315

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Techaology, QSA.

Trkeert.wps 10/93/00

AEA Technology is the rading name of AEAd‘tjg%ogy plc




QUALITY CONTROL PROGRAM
EBERLINE MP-009

ERVICEER

Rev.B; 11/01/03
Tile: Radivactive Reference Standards Soluﬂorvs & Records

EBERLINE SERVICES - OAK RIDGE LLABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

| Principal Radionuclide

Radionuclide
Certified Activity
Certified Concentration
Ampoule /Solution Gross|: Weight, Grams
Empty Ampoule}: 1Weight, Grams

Solution Net}
Total Activity in Ampoule|

[Weight, Grams
0.8760|nCi

Chemical Compos:tlon of Standard Solution

Dilution Instructions: ' Dilation Solvent Used

Dilute to a volume of{" ) milliliters

:2.167E+06]|dpm at the date listed above

. . } - ‘ This activity concentration is based on the original
And after dilution the activity of this solution is[:2:167E+03|dpm/ml reference date listed above. All activities are corracted
. to the date and time of analysis by the laboratory data
processing software.

Certified Total Activity of{ . .0.9760]uCi Which Equals |- =7

Expiration Date: |- “Ociober 72017 "]

Verlﬁed & Approved By I\_\ Date: 11/7/2016 0:00
QC Approval SaQZ£ E% LB@ Date: ,H/[ﬁﬁ(o

0037




%E merime | QUALITY CONTROL PROGRAM

Rev.B; 11/01/03
Tie: Radioactive Reference Standards Solutions & Records

SERVICES Mp‘ma

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 ' Datef{ .
Solution Reference #[AEA/AMeshaM.02/232/67- Solution #}:

Principal Radionuclide Half Life, Years

Radionuclide of Interest]::
Parent Solution Conc.

NOTES:

Ipitution Instructions: ' Dilution Solvent Used

Vol. Parent Sclution:

SECONDARY VOLUMETRIC DILUTION

DO ml
Total Activity: {dpm Final Activity Concentration:| -~ """21670E+01 fdpm/m!
Final Volume: 0.00)mi -

This activity concentration is based on the original
reference date listed above, All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:]  Oclober 7, 2017 )

Verified & Approved By | W ' Date: 11/7/2016 0:00

QC Approval Q‘\_{ {4 \_Ji ,\) S_;—— Date: ;I/It%(a

e

0038
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7h-18
24937 A Tibbitt
|SOt0pe PrOdUCtS Valencia\:graulv;feor:aia’Q%S'S

Laboratories :
'- | | Tel 661:309-1010
An Eckert & Ziegler Company Fax 661+257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 : Customer: : EBERLINE SERVICES
Half-life: 7340 % 160 years . P.0. No.: 00008633
~ Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST ,
- Source No.: 867-54 ‘Contained Radioactivity: 1.013 uCi 37.48 kBgq
(Th-229 only)
Physical Description:
A. Mass of solution: 5.0147 g in & mL flame-seaied ampoule
B. Chemical form: Th{NQ3), in 0.1M HNQ;,
C. Carrier content: 10ug Th/mL
D. Density: , , 1.0016 g/mi @ 20°C.
Radioimpurities:

None detected (daughters in equilibrium)
Radionuclide Concentration: 0.2020 uCifg, 7474 kBqlg
Method of Calibration:
~ This source was prepared from a weighed aliquet of solution whose activity in uCifg was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

. Uncertainty of Measurement:

A. Type A (random) uncertainty: t 0.7%
B. Type B (systematic) uncertainty: £ 3.0%
C. Uncertainty in aliquot weighing: + 0.0%
D. Total uncertainty at the 9% confidence level: © 31%

Notes:
- See reverse side for leak test(s) performed on this source.
- IPL participates in a NIST measurement assurance program to establish and maintain fmpliclt traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).
- Nuclear data was taken from |AEA Technical Report Series No. 261.
- This solution has a working life of & years.

Fed N a - -
[ U i o , 1~ Jom ~02- N
" Quality Control Date Signed IPL Ref. No.: 867-54

150 9001 CERTIFIED
Medical Imaging Laboratory industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504
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QUALITY CONTROL PROGRAM
%EBERSEHVIGES MP-003 -

Rev.8; 11{0/03
Tile: Radioactive Reference Standards Solufions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
FRIMARY DILUTION RECERTIFICATION

WP 009

: CURRENT DATE
SOLUTION REFERENCE #{IPE'867.54: SOLUTION

Pl_'inci al Radionuclide Half L!fe_.Y.ears

Half Life, Days

[~ T 2681E+08)
Radionuclide Reference Date|” . . 1/15/2002:0:00]
Coertified Activity iuCi ' '
Certified Concentration]:: = ]uCl per gram
Ampoule /Solution Gross |Weight, Grams
Empty Ampoule 1| Weight, Grams

61|Weight, Grams
uCi

Solution Net 5,0
Totaf Activity in Ampoule| = 1.0

Dilution Instructions: . Dilution Solvent Used [0, MHNO

Dilute to a volume of|:: 7 lmillititers

Certifled Total Activity of[[_-_ 1

- Which Equals | - -'-'2.-249E+06|dpm at the date listed above

e e L is activity concentration is based on the original
And after dilution the activity of this solution is| 2.249E+03| dpmfml refemnce date listed above. All activities are corrected
to the date and time of analysis by the 1aboratory data
' processing software,

'Expiration Date:| August 11,2018 |

(\

Verifiard & Annrowvad Ry \\J ‘% Natar 8MAIZNTT 00N
= -- iy
QC Approval Q\@M\H\ A}(ﬁ:’_ Date: {(olt’)
: Ry ~ T
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%E mEmiie | QUALITY CONTROL PROGRAM

e MP-0o8

Rev.7; 9720/98 ‘
Titte: Radivactive Reference Standards Solutions & Records

{Principal Radionuclide

Radionuclide of Interest]
Parent Sclution Cone. | 2:

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION '

MP-009 ’ batel-

8/16/2017 0:00

Solution Reference #|IPL:B67:54 _Solytion #]:: INeN8a
Half Life, Years B Ralf Life, Days

= [ T2681E+08]

Reference Date| .7 1/15/2002 0:00]

Chemical Composmon of Standard Sclution
|TH(N03)4 :

JDilution Instructions:

Vol. Parent Sofution:|:

NOTES:

Verified & Approved By i > l N\

Dilution Solvent Used FOAMHNG, 7 e

SECONDARY VOLUMETRIC DILUTION

5.0000
Total Activity:;: 2"2499E+04 dpm
Final Volume:}. 400

Final Activity Concentration:|. - 2.2490E+01]|dpm/ml

This activity concentration is based on the original
- reference date listed above. All activities are

corrected to the date and time of analysis by the

laboratory data processing software. '

Expiration Date:| August 11, 2018 |

_ Date: ___ 8/16/2017 0:00

Qc Appmvmwl Date: *Eflcaj/ (7

< SN~ -

ot
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m /QC REVIEW CERTIFICATE OF CALIBRATI f;.'ff-. .
PHA STANDARD SOLUTIO oot A o FRne
Uate JOL/L/LF witals WX A w%‘ﬁ% o
" Radionuclide Th-230 Customer: TMA EBERLENS ?&@@@
Half Life:  (7.54 £ 0.03) x 10"4 years P.Q.No.: TT4944 @% ‘
Catalog No.: 7230 Reference Date: November 1 1991 . 12.00 pst.
Source No.: 388-116 Confained Radicactivity: 1.036 - uCi,
- Description of Solution o .
a. Mass of solution: 5.0042 '
b. Chemical form: TR(NO3)4 in 0.IN HNO3 =
c. ngricr content: None added
d. Density: . 1.0016 g @ 20°C.
Radioimpurities ,
See attached technical data sheet
Radioactive Daughters
See attached technical data sheet
Radionuclide Concentration 7
0.207 7 #Cu/gram.

Method of Calibration
Weighed aliguots of the solution wers assayed using a liquid scinfillation counter.

Unceriainty of Measurement o
a. Systematic upcettainty in instrument calibration: +2.0%

b. Random uncertainty in assay: : "+0.5%
¢. Random uncertainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +2.7%

NIST Traceability
This calibration is implicitly traceable to the National Institute of Standards and Technology.
Notes
1. Nuciear data were taken from "Table of Isotopes”, Seventh Edmon, edited by Virginia S Shirdey.
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST cestification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1808 No. Keystone Street.,
Burbank, California 91504

(818) 843 - 7000
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EBERLINE MP-009

| % QUALITY CONTROL PROGRAM

SERVICES

Rev.14; 10/10/2012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

- MPO09

: ' CURRENT DATE 2]28/201 T 0 00
SOLUTION REFERENCE #}IPL'388-116 g5 SOLUTION #]i Thats

Pnncipal Radionuclide Half Llfe Years B Half Life, Days
7 540E+0 R 2.754E+07)

Reference Date| " .11/1/19910:00]

70 uCi
*|uCi per gram

Certified Concentration|:

Ampoule /Solution Gross|
Empty Ampoule

Solution Net| -

Total Activity in Ampoule] -

60|Weight, Grams

218|Weight, Grams

442|weight, Grams
DluCi

Chemical Composition of Standard Solutuon
h(N03)4 ine: 1N HNG

IDilution Instructions: Dilution Solvent Used [OANHNQ,  + s T

Dilute to a volume of}-:-1000:00%:/;

milliliters

Certified Total Activity of[ . 1.

Which Equale | .. 2.300E+06|dpm at the date listed above

. .. This activity concentration is based on the original
And after dilution the activity of this solution is| 2.300E+03}dpm/mi reference date listed above. AH activities are corrected
. . to the date and time of analysis by the laboratory data
processing software.

Expiration Date:[ February 1, 2018 |

Recertified By k‘ \1 Date: 2/28/2017 0:00

Qc Approva@%v\-v\T Date: _3‘/ *_! 2
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EssrLINE QUALITY CONTROL PROGRAM

5=vaca:s MP-OOB

Rev.14; 1010/2012
Titte: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date[ _ 2/28/3017 0:00
Solution Reference #jiPL. 388-116~ . - | Solutigﬁn #| ~ Th1b -

Prin¢ipal Radionuclide Half Life, Years Half Life, Days
_237‘%_1 _7.540E+04 2.754E+07

Radionuclide of Interest] " **Thorium . Reference Date} 11/1/1991 0:00}
Parent Solution Cone.} 2.30E+03 |dpm/m]

Chemical Composition of Standard Solutlon
PTh{NC3), IN0.INHNO, - |

|DHution Instructions: Dilution Solvent Used D.INHNO,; -

SECONDARY VOLUMETRIC DILUTION

This activity concentration is based on the original
) reference date listed above. All activities are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l February 1, 2018 |

- Recertified By ‘ = \*—«J\ ' Date:  2/26/2017 0:00

QC Approval 4&'\%  Dete: 3//[/ { 7

Vol, Parent Solution:| . - 10.0000|md
Total Activity:| 2.2008E+04jdpm Final Activity Concentration:|  2.2999E+01 |dpm/ml
Final Volume: 1000.00ims :

0044




- 24937 A Tibbitts
=_ lSOtOPG Products Valencia‘iz#orlnia 91355

‘ L.aboratories
- ' Tel 661+309-1010
An Eckert & Ziegler Company Fax 661:257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 ) Customer: EBERLINE SERVICES

Half-life: 7340 £ 160 years P.Q. No.: 00009633

Catalog No.: 7229 Reference Date: 16-Jan-02 12:00 PST

Source No.: 867-54 ' Contained Radiozctivity: 1.013 pCi 37.48 kBg

(Th-229 only)

'Physical Description:

A. Mass of solution: - 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form: TH{NQz), in 0.1M HNQ; -
C. Carrier content: 10ug Thimk
D. Density: _ , 1.0016 g/mL @ 20°C.
Radioimpurities:

None detected (daughters in equilibrium)
Radionuclide Concentration: ' - 0.2020 uCilg, 7.474 kBqg/g
| ‘Method of Calibration:
This source was prepared from a weighed aliquot of solution whose activity in uCifg was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV
Branching ratio useq: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: t 0.7%
B. Type B (systematic) uncertainty: £ 30%
C. Uncertainty in aliquot weighing: _ t 00%
P. Total uncertainty at the 99% confidence level: r 31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification} of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working fife of 5 years.

A ; L a_ T .
Ao Ut 1= Jom-02-
“"  Quality Control ~ Date Signed IPL Ref. No.: 867-54

7h-18

150 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory

24937 Avenue TIbbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504
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B QUALITY CONTROL PROGRAM
& EBERLINE MP-008

“_) Sn:s.awce.s

Rev.8; 1710/03
Tile: Radioactive Reference Standards Solufions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

SOLUTION REFERENCE #{(PE 867:54:

____CURRENT DATE

"8/16/2017 0:00

SOLUTION #| 18
|Principal Radionuclide Half Life, Years Half Life, Days
B L 34DEH03 {7 2.681E+06)
Radionuclide Reference Date|’ - . 1/15/2002:0:00}
Certified Activity LCi —
Certified Concentration| : ~+]uCi per gram
- - Ampoule /Solution Gross| 77 8,7752|Weight, Grams : ‘
: . : Empty Ampoule .759%|Weight, Grams _
Solution Net| - ' '5,0161|Weight, Grams :
Total Activity in Ampoule] - . 1,0130|uCi
Chemical Composition of Standard Solution ‘ - :
PTo(NOs) {05 |
%
Dilution Instructions: Dilution Solvent Used |01 MHNO;
Dilute to a volume of | 1000005 | milliliters
Certified Total Activity of[_ - 1.0130]uCI - Which Equals [ - .2.249E+06|dpm at the date listed above

And after dilution the activity of this sofution is[ 2.249E+03]dpm/mi

Verifind & Anprovad Ry \\J ‘%
\‘ ‘7 . -
QC Approval 6&[\%\ /k/k(ﬁzk
S~ NS

This activity concentration is based on the original
refarence date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software,

Expiration Date:|  August 11, 2018 |

RIMBI2OG17 D00

Date: 2?!{@! t"l)

Nata
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%EBE meapee | QUALITY CONTROL PROGRAM

Rev.7: 9/26/99 ‘
Tite: Radlioactive Reference Standards Solutfons & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
: SECONDARY DHLUTION RECERTIFICATION

MP-009 ' Date
i Solution Reference #{iPE:BB7:-54 I Solution # :
{Principal Radionuclide Half Llfe Years _ - Half ere Days
2 j m ,

I 2e81E+08]

Radionuclide of interest| Reference Date| " 1/45/2002 0:00]

Parent Solution Cone. | 2:

Chemical Composmon of Standard Solution
[THNG:); in0.1M:

[Dilution Instructions: : . Dilution Solvent Used [OAMHNGS: 7 e 7

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 10:0000{m}
" Total Activity:}.'2.2400E+04]|dpm Final Activity Concentration:[. " 2.2480E+01]dpm/mi
Final Volume: 1000.00|mi

This activity concentration is based on the originat
: reference date listed above. All activities are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software, ’

Expiration Date:] August 11, 2018 |
Verified & Approved By i > )}\ Date: 8/16/2017 0:00
. < —

ac Apprcvmw Date: g’/:fa/ (7

o

N \\ )

Tt
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L RS TR = B A W ]

1380 Seaboard Industrial Blvd.

Eckert & Ziegler | et e s

. Fax 404-352-2837
Ana ’ythS : , WWw.ezag.com

CERTIFICATE OF CALIBRATION
Standard Reference Source | | Gas- [

SRS Number: 104852

Source Description: Sand in 18 Ounce PP Omega Jar Filled to Capacity
Product Code: 8401-EG-SAN

Customer: Eberline Analytical Corporation

P.O. Number: OR-1610009, ltem 4

This standard radionuclide source was prepared from an aliquot measured gravimetrically from a master

- radionuclide solution calibrated with a germanium gamma-ray spectrometer system. Additional radionuclides were
added gravimetrically from solutions calibrated by gamma-ray spectrometﬁ, ionization chamber, or liguid
scintillation counting. Calibration and purity were checked using germanivm gamuma-ray spectrometry. At the time
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
most intenge gamma-ray lines are given. Eckert & Ziegler Analytics (EZA) mainfaing traceability to the National
Institute of Standards and Technology (NIST) through a Measurements Assurance Program as described in USNRC

_ Regulatory Guide 4,15, Revision 2, July 2007, and compliance with ANSI N42,22-1998, "Traceability of Radioactive -
Sources to NIST."

Reference Date: 01-October-2016 12:00 PM EST
MGS Mixture

Gamma-Ray Uncertainty Calibration
keV Half-Life,d  Activily, Bgq #a, . u,,,% U, %*

,ﬁﬁ?—j ;.

ca-1 __ 880 46l4Ei02  1G6oE(0s ZESTES0S. 05 20 41 4

o

4.B28E+03 2 942E+03

Muced Garmna (MGS) master solution is EZA's eight isotope mixture which is calibrated quanerly and consists of
Cd-108, Co-57, Ce-139, Hg-203, Sn-113, Cs-137, Y-88, and Co-60. ¥Uncertainty: U - Relative expanded uncertainty,
k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results." **Calibration Methods: 417 LS - 411 Liquid Scintillation Counting, HPGe - High Puxity
Cermanium Garmuna-Ray Spectrometer, IC - Ionization Chamber,

 (Certificate continwed on reverse side)

EZA Certificate Prog.rarn Rev. , 07-DEC-2015 : Page 10f 2

Corporate Office ’ _ . Laboratary

24937 Avenue Tibbitts Valencla, Cailifarnia 91355 1380 Seaboard Industrial Bivd. Atlanta, Geor6a4 80

:

i



SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY
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SECTION VII
LABORATORY TECHNICIAN'S NOTES

&
RUN LOGS

0060



ISO-U NOTES

0061



Page 1 0f1

Printed: 8/16/2017 5:27 AM
& Oak Ridge Laboratory intemal Work Order 17-07092
& EBERLINE 601 Scarboro Rd.
P SERVICES Oak Ridae, TN 37830 Analysi
! ysis Code
Work Order Analysis Notes Voice: 865.451.0653 UuISo
www.eberlineservices.com Run Number 1
U Date G| CDepti | CUser [0 i T T D Notest Ll
0816117 05:27 PREP JHARVEY ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED
MEXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS

0062



Printed: 9/8/2017 4:27 PM

Page 10of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory
601 Scarboro Rd.

Internal Work Qrder 1 7-'07 092

Oak Ridge, TN 37830 Analysis Cod .
Voice: 865.481.0683 alysis Lode UUISO
www.eberlineservices.com Run Number 1

BE6I7 0527 | JAARVEY

ALIGUOTED AND ADDED SPIKES AND TRAGERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED

MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TC SEPARATIONS

09/08M17 16:27 CHEM JOEMELAS

Added concentrated HCI {0 sample beakers and heated to dryness; Added 20 mi 8N HCL to samples and
transferred to new, labeled C-Tubes, rinsing with 8N HCI te bring volume to ~35 mi; Preconditioned resin
columns with 35 mt 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 8N
HC, centrifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HGL— 0.1N NH4], 35 ml
of 6.5N HCI = 0.04N HF, and 10 mi of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCI into clean, labeled 100
mi beakers; Dried-down samples on hotplate; Dissolved samples in ~%0 ml of concentrated HCI; Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

0063



Printed: 9/11/2017 5:18 AM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory tormal Work Order 1 7_07092
601 Scarboro Rd.

o e, T 733 e | UUISO

www.eberlineservices.com Run Number 1

Daté i Dept al e T y

57576827 | PREB | JHARVEY

~ALIGUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED |

MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS

05/08/17 16:27 | CHEM JDEMELAS

“Added concentrated HCI to sample beakers and heated fo dryness; Added 20 mi 8N HCL to samples and
- transferred to new, labeled C-Tubes, rinsing with 8N HCI fo bring volume to ~35 ml, Preconditioned resin

columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 mi 8N
HCI. centrifuged as needed and loaded onta columns; Rinsed columns with 35 ml 8N HCE - 0.1N NH4l, 35 m!
of B.5N HCI = 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 mi of 0.5N HCl into clean, labeled 100
m! beakers; Dried-down samples on hotplate; Dissolved samples in ~10 m! of concentrated HCE; Transferred to
new, labeled C-Tubes with DI H20, Set samples aside for later precipitation and filtering.

091117 05:19 CHEM TSMITH

Followed steps 12.1.7 to 12.4.5 in Ap-005 .  Precipitated and filtered samples for Uranium }

M)
e
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Eberline Analytical Printed: 9/11/2017 5:20 AM

Oak Ridge Laboratory Page 1 of 1
EBERLINE 17-07092
SERVICES
Reagents Used in an Analysis UUISO 1
019093P Hydroflucric Acid Reagent Grade JHARVEY 8/16/2017
018971P Nitric Acid Reagent Grade JHARVEY 8/16/2017
019133P Perchioric Acid Reagent Grade JHARVEY 8/16/2017
018550P Sulfuric Acid Reagent Grade JHARVEY 8/16/2017
018798P ' Anion Exchange Resin Reagent Grade . JDEMELAS 9/8/2017
019255S HCI - HF .6.5N - 0.04N JDEMELAS 1 9/8/2017
0192655 HCI - NH4l 8N - 0.1M JDEMELAS 9/8/2017
019183D01 Hydrochloric Acid W 0.5N JDEMELAS 5/8/2017
019202S Hydrochloric Acid 6.5N JDEMELAS 9/8/2017
0192618 Hydrochloric Acid 8N JDEMELAS 9/8/2017
019134P Hydrochloric Acid Reagent Grade "~ JDEMELAS. 9/8/2017
0192408 Carbon substrate Solution : TSMITH 9/11/2017
019063P : Ethy! Alcohol 1 TSMITH 9/11/2017
019227P Hydrofluoric Acid _ Reagent Grade 1 TSMITH 9/11/2017
018890S Neodymium Carrier 1 mg/ml TSMITH 9/11/2017
019038P , Titanous Chloride Reagent Grade TSMITH 9/11/2017

0065
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ISO-TH NOTES
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Printed: 8/16/2017 5:26 AM Page 1of 1

Oak Ridge Laboratory Infemmal Work Order 1 7_07092
EEBERLINE 601 Scarboro Rd.
SERVIGES Oak Ridage, TN 37830 Analysis Code
Work Order Analysis Notes Voice: 865,481.0683 ThISO

www.eberfineservices.com Run Number 1

CDate o |cDept o User C [T b ino D DNetes o ol

08/16/17 05.96 | PREP JHARVEY ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED

MIXEDACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS

0068



Printed: 9/19/2017 5:16 AM ' Page 1 of 1

> Oak Ridge Laboratory Intemal Work Order 17-07092
EBERLINE 601 Scarboro Rd.
“““““ ) SERVICES Oak Ridge, TN 37830 ' pralysis Gode ThiSO

Voice: 865.481.0683

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
oopater | Depts |t yser [l ol CiNetes oo LIl T
08/16/17 05:26 - PREP JHARVEY ALIQUCTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN- ADDED
MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- SUBMITTED SAMPLES TO SEPARATIONS
09/08M17 10:22 CHEM TSMITH Followed steps 12.2.1 to 12.2.5 in AP-005 . ( Column separation for Thorium by Eichrom Anion resin }
09/11/17 0516 CHEM TSMITH Followed steps 12.2.5 to 12.4.5 In AP-005 .  Precipitated and filtered samples for Thorium )
g7

e
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Eberfine Analytical Printed: 9/11/2017 5:19 AM

Qak Ridge Laboratory ) Page 1 of 1
EBERLINE _ 17-07092
SERVICES

Reagents Used in an Analysis ThISO 1
01.9093P Hydrofluoric Acid Reagent Grade JHARVEY 8/16/2017
018971P Nitric Acid , Reagent Grade | JHARVEY 8/16/2017
019133P Perchloric Acid : Reagent Grade JHARVEY 8/16/2017 |
018550P Sulfuric Acid Reagent Grade JHARVEY 8/16/2017
018798P Anion Exchange Resin Reagent Grade TSMITH "9/8/2017
019134P Hydrochloric Acid Reagent Grade TSMITH 9/8/2017
0192535 ' Nitric Acid 8N TSMITH 9/8/2017
0192475 Hydrochloric Acid 8N TSMITH 9/8/2017
0191068 ' Cerrium Carrief 0.1mg/ml TSMITH 9/11/2017
019063P Ethy! Alcohol 1 TSMITH 9/11/2017
019227P Hydrofluoric Acid Reagent Grade TSMITH 9/11/2017
0192405 Carbon substrate Solution TSMITH 9/11/2017
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Sample Description:
Spectrum File:
Batch Identification:

SPIKE
\\OR-ALPHA1\Canberra\RApexAlpha\Root\Data\00001940
1707092A-U0

Sample Identificatiocn: 0l

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 039
Chamber Serial Number: 06027396A
Detector Serial Number: 83109

Env. Background:
Reagent Blank:

System Bkgd 196030
<not performed:

Sample Size: 1.000E+000 +/- 0.0CQE+000 gram
- Sample Date/Time: 9/11/2017 6:05:32 AM
Acquisition Date/Time: 9/11/2017 11:34:29 AM

Acguigition Live Time:
Acquisition Real Time:

Tracer Certificate:

170.0 minutes
170.0 minutes

U232 _UU-10A

A

4J1afr7

" Tracer Quantity: 0.672 ml

Effective Efficiency: 0.2101 +/- 0.0112
Counting Efficiency: 0.1852 +/- 0.0031 on 11/18/2016 10:08:50 AM
Chem. Recovery Factor: 1.1348 +/- 0.0634
Control Certificate Name: NatU _U-8A
Chem. Recov. of Control: U-238 0.757527 +/- 0.056641
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -———--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.273 435.396 9.41 2.04 0.00E+000 63.2
U-234 4.727 §23.32 8.57%7 0.68 0.00E+000 7.6
U-235 4.386 21.83 42 .14 0.17 0.00E+000 3.0
U-238 4,145 539.466 8.44 0.34 0.00E+000 36.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf (keV) {pCi/gram ) (pCi/gram
U-232 0.9%4 5302.50% 5.51E+000 +/- 5.75E-001 2.84FE-002 +/- 1.03E-002
G-234 0.992 4761 ,50% 6.61E+000 +/- 8.93E-001 7.13E-002 +/- 7.44E-003
U-235 1.000 4385.50%* 3.40E-001 +/- 1.48E-001 6.50K-002 +/- 6.79E-003
J-238 0.989 4184 .40* 6.79E+000 +/- 9.11E-001 6.0LE-002 +/~- 6.28E-003
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Channel Data Report 9/11/2017- 5:32:5% PM Page 1

***‘k**"k'k'k**********************************************
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Apex Alpha”

Sample Description: BLANK
Spectrum File:

Batch Identification: 1707092A-U0

Sample Identification: 02

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 040
Chamber Serial Number: 060273968
Detector Serial Number: 91135

System Bkgd 196031

Env. Background:
<not performeds

Reagent Blank:

1.000E+000 +/- 0.00CE+000 gram
9/11/2017 6:05:32 AM
9/11/2017 11:34:31 AM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate: U232 UU-10A

\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001940

Tracer Quantity: 0.683 mL
Effective Efficiency: ¢.2087 +/- 0.0111
Counting Efficiency: $6.1813 +/- 0.0031 on 11/18/2016 10:08:48 AM
Chem. Recovery Factor: 1.1508 +/- 0.0640
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ———

Energy Net Pk Area  Awmbient  Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {(keVv)
U-232 T 5.277 440,32 9.35% 0.68 0.00E+000 37.5
U-234 4,744 10.83 60.10 0,17 0.00E+000 3.0
U-235 4.366 7.32 76.28 0.68 0.00E+000 3.0
U-238 4,112 4,32 102.62 0.68 0.00E+0Q00 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -————-
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/gram ) (pCi/gram
U-232 0.995% 5302.50% 5.60E+000 +/- 5.82E-001 7.18E-002 +/- 7.45E-003
J-234 0.998 4761.50% 1.38E-001 +/- 8.40E-002 5.31E-002 +/- 5.51E-003
U-235 0.997 4385.50% 1.15E-001 +/- 8.84E-002 8,85E-002 +/- 9.19E-003
U-238 0.964 4184 ,40% 5.47E—002.+/— 5.64E-002 7.15E-002 +/- 7.42E-003
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Apex Alpha”

Sample Description: HTC-208-5001-0006-01-DUP
Spectrum File: \ \OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001940
Batch Identification: 1707092A-UU
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 043
Chamber Serial Number: 04026481A
Detector Serial Number: 91088
Env. Background: System Bkgd 196032
Reagent Blank: <not performeds
Sample Size: 1.015E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/16/2017 6:05:32 AM
Acguisition Date/Time: 9/11/2017 11:34:33 BM
Acquisition Live Time: 170.0 minutes
Boguisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.672 mL
Effective Efficiency: 0.2043 +/- 0.0110
Counting Efficiency: 0.1874 +/- 0.0032 on 11/18/2016 10:08:43 AM
Chem. Recovery Factor: 1.0898 +/- 0.0615
Peak Match Tolerance: 0.150 MeV

----- PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.274 423,98 9.53 1.02 0.00E+000 40.8
U-234 4.713 50.81 27.87 1.19 0.00E+000 6.0
U-235 4,373 11.66 58.37 0.34 0.00E+000 3.0
U-238 4.144 52.15 27.40 0.85 0.00E+000 4.5

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide  Conf. (keV) {pCi/gram ) (pCi/gram

0 8.09E-002 +/- B.54E-003
U-234 0.983 4761 .50% 6.51E-001 +/- 1.94E-001 8.44E-002 +/- B.90E-003
0 7
0 7

. 994 5302.50* 5.45E+000 +/- 5.74E-001

L9989 4385.50%* 1.84E-001 +/- 1.09E-001
.989 4184 .40% 6.65E~-001 +/- 1.95E-001

o

Wb
q,\le'

.BBE-002 +/- 7.96E-003
.63E-002 +/- 8.05E-003

0105
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_Bnpex-Alpha”

Sample Description: HTC-AQ08-5001-0006-01
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\O0001940
Batch Identification: 1707092A-UU
Sample Identification: 04
Sample Geometry: Shelf 2
Procedure Description: U iso
‘Detector Name: Alpha 044
Chamber Serial Number: 04026481B
Detector Serial Number: 84168
Env. Background: . System Bkgd 196033
Reagent Blank: <not performed-
Sample Size: 1.015E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/16/2017 6:05:32 AM
Acguisition Date/Time: 9/11/2017 11:34:35 AM
Acguisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate:. U232 UU-10A
" Tracer Quantity: 0.671 mL
Effective Efficiency: 0.2244 +/- 0.011le
Counting Efficiency: 0.1793 +/- 0.0030 on 11/18/2016 10:08:42 AM
Chem. Recovery Factor: 1.2518 +/- 0.0682
Peak Match Tolerance: - 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Erroxr %  Backgnd Backgnd {(keV}
U-232 T 5.267 465.32 9.09 0.68 0.00E+000C 39.6
U-234 . 4.725 43.00 30.24 0.00 0.00E+000C 4.0
U-235 4.4190 12.66 55.94 0.34 0.00E+000 3.0
U-238 ’ 4.140 64 .83 24,38 0.17 0.00E+000 4.7

Id Energy Activity MDA
Nuclide Conf. {keV) {(pCi/gram ) (pCi/gram
U-232 0.891 5302.50%* 5.44E+000 +/- 5.53E-001 6.60E-002 +/- &
U-234 0.991 4761.50* 5.01E-001 +/- 1.60E-001 6.99E-002 +/- 7
U-235 0.996 4385.50* 1.82E-001 +/- 1.04E-001 6.88E-002 +/- 6
UJ-238 0.986 4184 .40%* 7.53E-001 +/- 1.99E-001 4.84E-002 +/~ 4

.70E-003
.10E-003
.98E-003
.92E-003
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__SApex-Alpha”

HTC-AQ08-5001-0612-02

Sample Description:
Spectrum File:
Batch Identification: 1707092A-UU :
Sample Identificatiomn: 05

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 045
Chamber Serial Number: 040264824
Detector Serial Number: 91131

System Bkgd 196034
<not performeds

Env. Background:
Reagent Blank:

1.090E+000 +/- 0.000E+000 gram
5/16/2017 6:05:32 AM
9/11/2017 11:34:38 AM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acguigition Date/Time:
Acequisition Live Time:
Acguisition Real Time:

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.672 ulL

Effective Efficiency: 0.2134 +/- 0.0113

Counting Efficiency: 0.1688 +/- 0.0029 on 11/18/2016 10:08:40 AM
Chem. Recovery Factor: 1.2642 +/- 0.0703

Peak Match Tolerance: 0.150 MeV

\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\0000 1940

 Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Exrror % Backgnd Backgnd {keV)
U-232 T 5.264 442 64 .9.33 1.36 0.00E+000_ 31.0
U-234 4.727 82.98 21.67 1.02 0.00E+000 4.5
U-235 4.393 11.83 57.46 0.17 0.00E+000 4.5
U-238 4,143 67.83 23.82 0.17 0.00E+000 3.4

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -——-=-
Id Energy Activity MDA

Nuclide  Conf. {keV) (pCi/gram ) {pCi/gram
u-232 0.989 5302.50%* 5.07E+000 +/- 5.25E-001 7.85E-002 +/- 8.14E-003
U-234 0.992 4761.50%* 9.47E-001 +/- 2,28E-001 7.19E-002 +/- 7.45E-003
U-235% 1.000 4385.50%* 1.67E-001 +/- 9.73E-002 5.88E-002 +/- 6.09E-003
U-238 0.988 4184 .40%* 7.71E-001 +/- 2,00E-001 4.74E-002 +/- 4.92E-003

;?4//7
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Sample Descripticn:
Spectrum File:

Apex Alpha

HTC-A08-5001-1218-01
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\O0001940

Batchk Identification: 1707092A-UU
gample Identification: 06

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 046
Chamber Serial Number:  04026482B
Detector Serial Number: 58762

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acguisition Live Time:
Acguisition Real Time:

Tracer Certificate:

System Bkgd 196035

<not performed>

1.200E+000 +/-
6:05:32 AM

11:34:41 AM
170.0 minutes

5/15/2017
9/11/2017

170.0 minutes

U232_UU-10RA

0.000E+000 gram

Tracer Quantity: 0.670 wL

Effective Efficiency: 0.2026 +/- 0.0110

Counting Efficiency: 0.1713 +/- 0.0029% on 1t1/18/2016 10:08:38 AM
Chem. Recovery Factor: 1.1822 +/- 0.08670

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.262 418.98 - 9.59 1.02 0 Q0E+000 16.5
U-234 4.723 66.15 24.28 - 0.85 0.00E+000 6.0
U-235 4.369 6.98 80.28 1.02 0.00E+000 6.0
J-238 4.140 95.15 20.20 0.85 0.00E+Q00 5.3
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA
Nuclide  Conf (keV) {pCi/gram } {pCi/gram )
U-232 0.989 5302.50¢* 4. 59E+000 +/- 4.87E-001 6.90E-002 +/- 7.32E-003
U-234 0.990 4761.50%* 7.23E-001 +/- 1.921E-001 6.54E-002 +/- 6.93E-003
U-235 0.998 4385.50%* 9.40E-002 +/- 7.62E-002 8.49E-002 +/- 9.00E-003
U-238 0.986 4184 .40%* 1.03E+000 +/ 2.36E-001 6.51E-002 +/- 6.90E-003
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Apex Alpha”

Sample Description: HTC-A08-5001-1824-01

Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001940
Batch Identification: 1707092A-U0

Sample Identification: 07

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha_047

Chamber Serial Number: 02030596A

Detector Serial Number: 91086

Env. Background: System Bkgd 1396036

Reagent Blank: <not performeds

Sample Size: 1.380E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/15/201% 6:065:32 AM
Acquisition Date/Time: 9/11/2017 11:34:43 AM
Acquisition Live Time: 17¢.0 minutes

Acquisition Real Time: ‘ .170.0 minutes

Tracer Certificate: Uz232_UU-10A

Tracer Quantity: 0.672 mL

Effective Efficiency: 0.2114 +/- 0.0112

Counting Efficiency: 0.1623 +/- 0.0028 on 11/18/2016 10:08:37 AM
Chem. Recovery Factor: 1.3029 +/- 0.0727

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area  Ambient Reagent FWHM

Nuclide - (MeV) Pk Area Error % Backgnd Backgnd (kev)
U-232 T 5.267 438.64 9.38 1.36 0.00E+0Q0 54.4
U-234 4.721 86.49 21.15 0.51 0.00E+000 6.4
U-235 4.406 5.32 91.11 0.68 0.00E+000 3.0
U-238 '4.130 76.83 22.39 0.17 0.00E+Q00C 3.7

Id Energy , Activity MDA
Nuclide Conf. {(keV} {(pCi/gram } {pCi/gram
U-232 0.991 5302.50%* 4.00B+000 +/~ 4.17E-001 6.26E-002 +/- 6
UJ-234 ¢.988 4761 .50%* 7.87E-001 +/- 1.8%E-001 4.77E-002 +/- 4.
U-235 0.997 4385.50% 5.97E-002 +/- 5.48E-002 6.33E-002 +/- 6
U-238 0.979 4184 . 40%* 6.96E~001 +/- 1.72E-001 3.78E-002 +/- 3

4
Najr7

.51E-003

S7E-GO03

.59E-003
.93E-003

0125
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Sample Description:
Spectrum File:

Batch Identification: 1707092A-U0
- Sample Identification: 08

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 048

Chamber Serial Number: 020305968

Detector Serial Number: 83111

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

System Bkgd 196037
<not performeds

1.010E+000 +/-
6:05:32 AM

5/15/2017
9/11/2017

U232 UU-10A

0.670 mL

0.2130 +/-
0.1633 +/-
1.3038 +/-

0.150 MeV

HTC-AQ08-5001-2430-01
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001940

11:34:46 AM
170.0 minutes
170.0 minutes

L0113
O 0028 on 11/18/2016 10:08:35 AM
0.0726

0.000E+000 gxam

Energy Net Pk. Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd  Backgnd (keV)
U-232 T 5.282 440.81 9.35 1.198 0.00E+000 32.7
U-234 4.734 62.32 24.99 0.68 0.00E+000 5.2
U-235 4.456 3.32 118.77 0.68 0.00E+000 5.9
U-238 4,150 79.83 21.%6 0.17 0.00E+000 3.7
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide  Conf (kev) (pCi/gram ) (pCi/gram )
U-232 0.997 5302.50% 5.46E+000 +/- 5.67E-001 8.16E-002 +/- 8.47E-003
U-234 0.994 4761.50% 7.69E-001 +/- 2,08E-001 6.96E-002 +/- 7.23E-003
U-235 0.966 4385.50% 5.06E-002 +/- 6.08E-002 8.59E-002 +/- B.92E-003
U-238 0.982 4184 .40% 9.81lE-001 2.38E-001 5.13E-002 +/- 5.33E-003
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Sample Description:
gpectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Apex -Alpha”

HTC-A08-5001-3036-01
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\OOOO1940
1707092A-UU

09

Shelf 2
U iso

Alpha_ 049
100061214

Detector Serial Number:

49

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Boguisition Date/Time:
Acquisition Live Time:

Acquisition Real Time:

Tracer Certificate:

System Bkgd 196038

<not performed:>

1.150E+000

5/15/2017

9/11/2017

170.0 minutes
170.0 minutes

U232 UU-10A

+/-

6:05:32 AM
11:35:18 AM

0.000E+000 gram

Tracer Quantity: 0.668 mL
Effective.Efficiency: 0.1821 +/- 0.0103
Counting Efficiency: 0.1488 +/- 0.0026 on 11/18/2016 3:34:20 PM
Chem. Recovery Factor: 1.2231 +/- 0.0723
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—==-

Enerqgy Net Pk Area aAmbient  Reagent FWHM
Nuclide (MeV) Pk Area Exror % Backgnd Backgnd (kev)
U-232 T 5.265 375.83 10.11 0.17 0.00E+000 7.6
J-234 4.713 67.81 24.04 1.19 0.00E+000 8.9
U-235 4.357 2.66 128.85 0.34 0.00E+000 3.0
U-238 4,140 74,15 22.91 0.85 0.00E+000 4.4

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ——---
1d Energy Activity MDA

Nuclide Conf {keV} (pCi/gram ) pCi/gram )
U-232 0.5990 5302.50* 4.78E+000 +/- 5.30E-001 5.31E-002 +/- 5.88E-003
U-234 0.983 4761 .50% 8.60E-001 +/- 2.28E-001 8 .35E-002 +/- 9.25E-003
U-235 0.994 4385.50%* 4.16E-002 +/- 5.38E-002 7.48E-002 +/- 8.28E-003
U-238 0.986 4184.40%* 9,.36E-001 +/- 2.3BE-001 7.56E-002 +/- 8.37E-003

ci:/((?a/ﬁ
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_=Apex-Alpha

\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\OO001940
1707092A-U0

Sample Description:
Spectrum File:
Batch Identificatiomn:

Sample Identification: 10

Sample Geametry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 050
Chamber Serial Number: 100061218

Detector Serial Number: 50
Env. Background: System Bkgd 196039
Reagent Blank: <not performeds>

1.050E+000 +/- 0.000E+000 gram
5/15/2017 6:05:32 BM
9/11/2017 11:35:20 AM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acquigition Date/Time:
Acguisgition Live Time:
Acquisition Real Time:

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.669 mL
Effective Efficiency: 0.1653 +/- 0.0087
Counting Efficiency: 0.1433 +/- 0.0025 on 11/18/2016 3:34:18 PM
Chem. Recovery Factor: 1.1537 +/- 0.0709 :
Peak Match Tolerance:  0.150 MeV

————— PEAK AREA REPORT ————-

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {(MeV) Pk Area Error ¥ Backgnd  Backgnd {keV)
U-232 T 5.272 341.47 10.63 1.53 0.00E+000 5.3
U-234 4.738 47 .47 28.98 1.53 0.00E+00G0 4.7
U-235 4.386 3.81 117.34 1.19 0.00E+000 3.0
U-238 4.161 42.81 30.44 1.19 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ——---
Id Energy Activity MDA

Nuclide  Conf {keV) (pCi/gram ) {pCi/gram )
U-232 0.993 5302.50% 5.24E+000 +/- 6.06E-001 1.09E-001 +/- 1.26E-002
U-234 0.5996 4761.50%* 7.26E-001 +/- 2.27E-~001 1.09E-001 +/- 1.26E-002
U-235 1.000 4385.50%* 7.19E-002 +/- 8.48E-002 1.24E-001 +/- 1.44E-002
U-238 0.996 4184.40%* 6.52E-001 +/- 2.12E-001 1.00E-001 +/- 1.16E-002

#;
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_Ehpex-Alpha”

HTC-K08-8001-4248-01
\\OR- ALPHAl\Canberra\ApexAlpha\Root\Data\00001940
1707092A-0U0

Sample Description:
Spectrum Filex
Batch Identification:

Sample Identification: 11

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 052
Chamber Serial Number: 10006123B
Detector Serial Number: 52

System Bkgd 196040
<not performeds>

Env. Background:
Reagent Blank:

1.070E+000 +/- 0.000E+0G00 gram
5/15/2017 6:05:32 AM
9/11/2017 11:35:26 AM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acquigition Date/Time:
Acquisition Live Time:
Acguigition Real Time:

Tracer Certificate: U232 UU-10A

4

Yl 7

Tracer Quantity: 0.668 mL
Effective Efficiency: 0.2136 +/- ©.0113
Counting Efficiency: 0.1737 +/- 0.0030 on 11/18/2016 3:34:15 PM
Chem. Recovery Factor: 1.2291 +/- 0.0684
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—-=-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area EBrror % Backgnd Backgnd (keV)
U-232 T 5.267 440.32 9.35 0.68 0.00E+000 14.0
U-234 4,718 54 .64 26.90 1.36 0.00E+000 4.4
U-235 4.40Q0 6.66 78.18 0.34 0.00E+000 3.0
U-238 4.150 64.83 24.38 0.17 0.00E+000 5.9

T = Tracer Peak used for Effective Efficilency
————— NUCLIDE ANALYSIS RESULTS w——--
Id Energy Activity MDA

Nuclide  Conf. {keV} (pCi/gram ) pCi/gram )
U-232 0.991 5302.50% 5.13B+000 +/- 5.33E-001 6.58E~002 +/- 6.83E-003
U-234 0.987 4761.50%* 6.35E-001 +/- 1.83E-001 7.97E-002 +/- 8.27E-003
J-235 0.998 4385.50% 9.55E-002 +/- 7.53E-002 6.85E-002 +/- 7.11E-003
U-238 0.989%2 4184 .40%* 7.50E-001 +/- 1.99E-001 4.83E-002 +/- 5.01E-003
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Sample Description:
Spectrum File:
Batch Identification:

Apex Alpha”

HTC-A(G9-8001-0006-01
\\OR- ALPHAl\Canberra\ApexAlpha\Root\Data\o0001940
1707092A-0U0

Sample Identification: 12

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 053
Chamber Serial Number: 100061224
Detector Serial MWumber: 53

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Boguisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

1.060E+000 +/-
5/16/2017 6
9/11/2017
170.0 minutes
170.0 minutes

U232 UU-10A

11:

System Bkgd 196041
<not performed:

:05:32 AM
35:22 AM

0.000E+000 gram

Tracer Quantity: 0.669 mL :
Effective Efficiency: 0.2109 +/- 0.0112
Counting Efficiency: 0.1515 +/- 0.0026 on 11/18/2016 3:34:14 PM
Chem. Recovery Factor: 1,3925 +/- 0.0779
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ———-

Energy Net Pk Area 2Zmbient Reagent FWHM
Nuclide (MeV) Pk Area Exrxror % Backgnd Backgnd (keV)
U-232 T 5.290 435.49 9.40 0.51 0. 00E+000 11.7
U-234 4.749 2741.66 3.74 0.34 0.00E+000 90.9
U-235 4.394 172.83 14.92 0.17 0.00E+000 5.9
U-238 4,167 2763 .32 3.73 0.68 0.00E+000 692.5

T = Tracer Peak used for Effective Efficlency
————— NUCLIDE ANALYSIS RESULTS -
id Energy Activity MDA

Nuclide Conf {keV) {pCi/gram ) (pCi/gram )
U-232 0.999 5302.50%* 5.19E+000 +/- 5.41E-001 6.25E-002 +/- 6.52E-003
U-234 0.999 4761.50* 3.26E+001 +/- 3.61E+000 5.68E-002 +/- 5.92E-003
U-235 0.99s% 4385.50% 2.53E+000 +/- 4.61E-001 6.11E-002 +/- 6.37E-003
U-238 0.998 4184 .40% 3.27E+001 +/- 3.62E+000 6.67E-002 +/- 6.95E~003

AG
91ef7
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369: 1 1 4 4 7 4 5 3
Sample Title: 12
Channelj------[------- |---=--- [------- [------- |------- |------- |==----- |
377: 4 6 3 6 4 3 4 2
385: 3 7 8 3 8 3 7 7
393: 4 5 5 9 ) 10 13 13
401 ;: 16 16 11 _ 9 13 15 18 8
409: 23 10 15 15 18 19 20 21
417 : ' 21 37 27 25 42 44 : 36 48
425 42 47 -45 47 56 52 69 47
433 59 57 65 69 74 72 69 73
4471: 74 70 58 55 68 75 57 60
449 : 88 5% 58 59 58 56 65 44
457 37 27 37 17 14 11 a8 ' 3
465: 0 2 0 1 0 it 0 0
473 0 0 0 0 0 0 0 0
481: 0 0 0 ¢ 0 0 0 1
489: 1 0 0 0 0 0 0 0
497 0] 0 0 0 0 0 0 1
505: 0 0 0 0 0 0 0 0
513; 0 0 0 0 0 0 2 0
521: . 0 0 0 0 0 1 0 0
529: 0 0 0 0 1 1 0 3
537: 1 1 0 0 0 0 0 0
545: 0 0 0 0 0 1 2 0
553: 1 0 0 0 2 0 1 0
561: 1 o 0 0 2 i 2 1
569 0 1 0 1 1 3 1. 1
577: 4 2 3 1 0 2 4 3
585: 3 2 1 1 3 3 5 1
593: 2 0 0 4 4 2 4 7
601: 6 3 6 11 8 7 9 13
609: 6 7 8 5 6 4 12 9
617: 13 8 9 14 9 6 8 8
625 14 15 4 11 4 11 6 13
633: 13 11 14 10 8 14 7 5
641:; -4 4 .4 4 2 2 3 2
649: 2 2 0 0 0 0 -0 0
657: 0 4] 0 0 0 0 0 0
665: 0 0 0 0 0 0 0 0
673: 0 1 0 0 0 0 1 0
681: 0 0 0 0 1 0 0 0
689: 0 0 0 0 0 0 0 0
697: 0 0 0 0 0 0 0 0
705: 0 0 0 0 0 0 0 0
713: 0 1 0 -0 0 0 0 0
721: 0. 0 0 0 ¢ 0 0 0
729: 1 0 0 0 0 0 0 0
737 0 0 0 0 0 0 0 0
745 0 .0 0 0 0 0 -0 Q
753: 0 1 0] 0 0 - 0 0 0
761: 0 0 0 0 0 0 0 0
769: 0 0 0 0 0 0 0 0
777 0 0 0 0 0 0 0 0
785: ¢ 0 0 0 0 0 0 0
793: 0 -0 0 0 o 0 0 0
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sampie Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

HTC-A09-S001-0006-01 MS

\\OR- ALPHAl\Canberra\ApexAlpha\Root\Data\00001940

17
13

07092a-UU

Shelf 2

U

iso

Alpha 054

10
54

0061228

System Bkgd 126042
<not performed:

Sample Size: 1.057E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/16/2017 6:05:32 AM
Acquisition Date/Time: 9/11/2017 11:35:24 AM
Acguisgition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.670 mL
Effective Efficiency: 0.2030 +/- 0.0110
Counting Efficiency: 0.1363 +/- 0.0024 on 11/18/2016 3:34:12 PM
Chem. Recovery Factor: 1.4891 +/- 0.0845%
Peak Match Tolerance: 0.150 MeVv

————— PEAK AREA REPORT -————-

Energy Net Pk Area Ambient Reagent FWHM
Nucllde {MeV} Pk Area Error % Backgnd Backgnd (keV)
U-232° T 5.251 420.32 9.57 0.68 0.00E+000 10.8
U-234 4.702 2924.98 3.62 1.02 0.00E+000 103.5
U-235 4.405 302.49 11.28 0151 0.00E+000 5.3
U-238 4.124 3108.49 3.52 Q.51 0.00E+000 106.2

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ————-
Id Energy . Activity MDA

Nuclide Conf {keV) {(pCi/gram ) (pCi/gram
U-232 0.981 5302.50%* 5.22E+000 +/- 5.52E-001 7.00E-002 +/- 7.41E-003
U-234 0.975 4761.50% 3.62E+001 +/- 4.05E+000 7.80E—002_+/- 8.25E-003
3-235 0.997 4385.50% 4 .62E+000 +/- 7.14E-Q01 8.01E-002 +/- 8.47E-003
U-238 0.974 4184 .40%* 3.83E+4001 f/— 4 ,27E+000 6.47E-002 +/- 6.84E-003

S
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_=Apex-Alpha”

Sample Descriptioen: HTC-A0S-5001~-0006-01 MSD

Spectrum File: \\COR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001941
Batch Identificaticn: 1707092A-0U

Sample Identification: 14

Sample Geometry: Shelf 2

Procedure Description: U isc

Detector Name: Alpha 056

Chamber Serial Number: 10006124B

Detector Serial Number: 56

Env. Background: System Bkgd 196043

Reagent Blank: <not performed>

Sample Size: 1.058E+000 +/- 0.0COE+COD
Sample Date/Time: 5/16/2017 6:05:32 AM
Acguisition Date/Time: 9/11/2017 11:35:28 AM

Acquisition Live Time:
Acquisition Real Time:

170.0 minutes
170.0 minutes

Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.669 mL
Effective Efficiency: 0.2062 +/~ O
Counting Efficiency: 0.1595 +/-
Chem. Recovery Factor: 1.2930 +/- 0
Peak Match Tolerance: 0,150 MeV

L0111

L0729

gram

0.0027 on 11/18/2016 3:34:03% PM

a Ambient
% Backgnd

Energy Net Pk Are
Nuclide {MeV) Pk Area Error
U-232 T 5.262 425.98 9.51
U-234 4.705 3006.45 3.58
U-235 4.405 179.49 14.65
U-238 4.124 2998.81 3.58

Reagent FWHM
Backgnd (keV)
0.00E+00Q0 9.7
0.00E+000 101.0
0.00E+0CO 4.4
0.00E+000 82.0

T = Tracer Peak used for Effective Efficiency

Activity

{(pCi

/gram )

MDA
(pCi/gram )

Id Energy
Nuclide Conf {keV)
U=-232 0.988 5302.50*
U-234 0.977 4761.50*
U-235 0.9%7 4385,50%*
U-238 0.974 4184.40%

5.20E+000
3.66E+001
2.69E+000
3.63E+001

+/- 5.47E-001
+/- 4.07E+00C
+/=- 4.86E-001
+/- 4.04E+000

A4
il

7.69E-002 +/- 8.10E-003
1.028-001 +/~- 1.07E-002
7.88E-002 +/- 8.29E-003
7.98E-002 +/- B.40E-003
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*E Kk kx SPECTRAL DATA REPCRT kkkkk
e 2. L L 2 £ 3 32222 S 2 X A R A A RS LR L Al

Sample Title: 14

'Elapsed Live time: 10200
Elapsed Real Time: 10201
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369;: 7 6 5 8 6 6 3 9
Sample Title: 14

Channel|------ | -mm - | ------- EEEEEES |- --- —= e |- |- |
377: 5 13 9 6 5 10 11 9
385: 9 4 10 16 10 8 12 9
393: 19 15 9 16 14 7 19 26
401: 17 21 21 32 34 24 30 29
409: 32 34 29 48 32 37 43 35
417: 40 51 46 45 60 58 54 57
425; 52 54 64 68 66 60 70 77
433 66 66 55 77 73 59 76 65
447 : 67 59 63 80 70 69 54 54
449: 56 49 41 24 16 8 9 4
457 2 0 0 0 0 0 0 0
465: 0 0 0 0 0 0 0 1
473 0 0 0 0 0 0 0 0
481: 0 0 0 0 0 0 1 0
489: 1 0 0 0 0 0 0 0
497: 1 0 0 0 0 2 0 1
505 0 0- 0 0 0 0 0 0
513: 0 0 0 0 0o 0 0 0
521: 0 0 2 0 0 0 0 0
529: 2 0 o] 0 0 0 0 0
537: 0 0 0 0 0 1 0 0
545 : 0 1 0 1 0 0 0 1
553: 1 1 0 1 0 0 0 1
561 : 0 3 1 1 2 0 0 0
569: 1 2 0 1 0 2 0 2
577: 2 2 1 0 3 4 1 2
585: 2 5 4 1 5 3 2 2
593: 5 3 9 6 8 4 8 5
601 : 7 5 4 8 8 12 6 11
609: 5 9 7 17 6 13 18 14
617: 7 9 14 10 6 11 11 6
625: 8 10 11 5 15 8 8 10
633: 11 12 4 7 1 3 0 0
641 0 0 0 0 1 0 0 0
649; 0 0 0 0 0 0 0 0
657: 0 0 0 0 0 0 1 0
665 : 0 0 0 0 0 1 0 0
673 0 0 -0 0 0 0 0 0
681 0 0 1 1 0 0 0 0
689: 0 0 0 0 1 0 0 0
697 0 0 0 0 0 0 0 0
705 : 0 0 0 0 0 0 0 0
713 : 0 0 0 0 0 0 0 0
721 0 0 0 0 0 0 0 0
729: 1 0 0 0 0 ~ 0 0 0
737 0 0 0 0 0 0 0 0
745 : 0 0 0 0 1 0 0 0
753: 1 0 0 0 0 0 0 0
761: 0 0 0 0 0 0 0 0
769: 0 0 0 0 0 0 0 0
777 0 0 0 0 0 0 0 0
785 0 0 0 0 0 0 0 0
793 0 0 0 0 0 0 0 0
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquigition Real Time:

HTC-A09-S001-0006-02
\\OR- ALPHAl\Canberra\ApexAlpha\Root\Data\OOO01940

17070
15

Shelf
U iso

Alpha_

01017
57

92a-U0

2

057
326A

System Bkgd 196044
<not performeds

1.000E+0Q00 +/-

5/1
9/1

6/2017
1/2017

6:05:
11:35:14 AM
170.0 minutes
170.0 minutes

32 AM

0.000E+000 gram

Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.669 mL
Effective Efficiency: 0.1606 +/- 0.0096
Counting Efficiency: 0.1646 +/- 0.0028 on 11/18/2016 3:34:08 PM
Chem. Recovery Factor: 0.9753 +/- 0.0604
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —————

Energy = Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.267 331.83 10.76 0.17 0.00E+000 8.4
U-234 4.718 2405.83 3.99 0.17 0.00E+000 87.0
U-235 4.400 167.00° 15.21 0.00 0.00E+000 4.4
U-238 4,137 2511.66 3.91 0.34 Q.OOE+000 71.5

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———-
Id Energy Activity MDA

Nuclide Conf (keV) {(pCi/gram ) pCi/gram )
U-232 0.9291 5302.50%* 5.51E+000 +/- 6.43E-001 6.92E-002 +/- 8.0BE-003
U-234 0.987 4761 .50% 3.99E+001 +/- 4.92E+000 6.90E-002 +/- 8.05E-003
U-235 0.999 4385.50%* 3,41E+000 +/- 6.53E-001 1,22E-001 +/- 1.43E-002
U-238 0.984 4184 .40%* 4.14E+001 +/- 5.09E+000 7.87E-002 +/- 9.13E-003

G
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Channel Data Report 9/11/2017 5:34:32 PM Page 2

369: 2 3 i 8 11 5 6 9
Sample Title:. 15
Channel|------ |-—----- |------- |-----~- fmmmmm o |------- |-=----- [—=----- |
377 8 9 7 8 6 6 12 8
385 6 7 1 6 8 11 11 8
393 10 15 13 12 11 12 16 19
401 14 11 13 16 23 11 20 16
409 19 29 25 35 24 22 35 37
417 35 35 42 32 37 40 39 42
425 46 49 62 60 59 47 66 61
433 60 68 69 60 58 68 75 60
441 72 66 47 49 61 54 55 59
449 48 44 31 20 14 9 5 4
457 2 0 1 0 0 1 0 1
465 0 0 0 0 1 0 0 0
473 0 0 0 0 0 -0 0 0
481 0 0 0 0 0 0 0 0
489 0 0 0 0 1 0 1 0
497 0 0 0 0 1 .0 0 0
505 0 0 0 0 0 0 0 0
513 0 0 0 0- 0 0 0 0
521 1 0 1 0 0 0 0 0
528 0 0 0 1 0 1 0 0
537 1 2 0 0 0 1 0 1
545 0 2 1 0 1 0 0 0
553 3 1 0 0 0 1 0 0
561 2 1 1 1 0 3 1 2
569 2 3 3 2 2 3 1 2
577 3 0 3 1 0 1 1 1
585 o2 1 4 1 1 0 0 2
593 1 2 3 5 3 6 2 5
601 8 1 2 7 6 6 9 14
609 4 4 7 14 7 9 16 9
617 5 8 7 11 9 7 7 11
625 7 10 5 5 7 7 9 7
633 7 6 6 5 2 3 2 1
641 0 0 0 0 0 0 0 0
649 0 0 0 0 0 0 1 0
657 0 0 0 0 0 0 0 0
665 0 0 1 0 0 0 0 0
673 0 0 0 0 0 0. 0 0
681 0 0 0 0 0 0 0 0
689 0 0 0 0 0 0 o 0
697 0 0 0 0 0 0 0 0
705 0 0 0 0 0 0 0 0
713: 0 0 0 0 0 0 0 0
721 0 0 0. 0 0 0 0 0
729 0 0 0 0 - 0 0 0 0
737 0 0 0 0 0 0 0 0
745 0 0 0 0 0 0 0 0
753 0 0 0 0 0 0 0 0
761 0 0 0 0 0 0 0 0
769 0 0 0 0 0 0 0 0
777 0 0 0 0 0 0 Q 0
785 0 0 0 0 0 0 0 0
793 0 0 0 0 0 0 0 0
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_ZApex-Alpha”

- Sample Description: HTC-A09-8001-0612~-01 .
Spectrum File: \\OR-ALPHAl\Canberra\Apex&lpha\Root\Data\00001940
Batch Identification: 1707092A-U0
Sample Identification: 16
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_o058
Chamber Serial Number: 01017326B
Detector Serial Number: 58 _

Env. Background: Syvstem Bkgd 196045

Reagent Blank: <not performed:

Sample Size: ~ 1.200E+000 +/- 0.000E+00C gram
Sample Date/Time: 5/16/2017 6:05:32 AM

Acquisition Date/Time: 9/11/2017 11:35:16 AM
Acquigition Live Time: 170.0 minutes
Acgquigition Real Time: 170.0 minutes

Tracer Certificate: U232_UU-10A
Tracer Quantity: 0.670 mL ]

Effective Efficiency: 0.2172 +/- 0.0114
Counting Efficiency: 0.1665 +/- 0.0028 on 11/18/2016 3:34:06 BEM
Chem. Recovery Factor: 1.3044 +/- 0.0720 :
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—-—=-

Energy - Net Pk Area Ambient Reagent FWHM

Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.263 - 449.49 9.25 0.5% 0.00E+000 21.7
U-234 4,716 355.83 1G.34 0.17 0.00E+000 12.5
U-235 4,402 25.66 38.99 0.34 0.0C0E+0Q00Q 3.0
U-238 4.139 - 371.15 10.19 . 0.85 0.00E+000 19.4

Id Energy Activity : MDA
Nuclide Conf. (keV) {pCi/gram ) {pCi/gram
U-232 0.98% 5302.50% 4.,59E+000 +/- 4.73E-001 5.36E-002 +/- 5.52E-003
U-234 0.985 ~ 4761 .50% 3.67E+000 +/- 5.35E-001 4.,25E~002 +/- 4.38E-003
J-235 0.998 4385 .50%* 3.23E-001 +/- 1.30Q0E-001 6.01E—002.+/w 6.19E-003
U-238 0.985 4184 .40% 3.77E+000 +/- 5.45E-001 6.07E-002 +/- 6.25E-003

"%ﬂ
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_=Apex-Alpha” '

Sample Desgcription: HTC-A09-8001-1218-01
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001940
Batch Identification: 1707092A-UU
Sample Identification: 17 _
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 059
Chamber Serial Number: 10006125A
Detector Serial Number: 59
Env. Background: System Bkgd 196046
Reagent Blank: : <not performed:
Sample Size: 1.120E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/16/2017 6:05:32 AM
heguisition Date/Time: 9/11/2017 11:35:30 AM
Acquisition Live Time: . 170.0 minuteg
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: : 0.668 mL
Effective Efficiency: 0.2252 +/- 0.0117
Counting Efficiency: 0.1776 +/- 0.0030 on 11/18/201l6 3:40:57 BM
Chem. Recovery Factor: 1.2678 +/- D.0691
Peak Match Tolerance: 0.150 MeV

————— PEAX AREA REPORT --=--

Energy Net Pk Area Znbient Reagent FIWHM
Nuclide {MeV) Pk Area: Error % Backgnd Backgnd {keV)
U-232 T 5.274 464 .66 ¢.10 0.34 0.00E+000 5L.7
U-234 4.734 220.83  12.20 0.17 0.00E+000 4.5
U-235 4,382 16.00 50.51 0.00 0.CO0E+000 3.7
U-238 4.152 207.66 13.61 0.34 0.C0E+000 9.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—————
Id Energy Activity MDA

Nuclide  Conf. (keV) (pCi/gram ) {pCi/gram
U-232 0.394 5302 .50%* 4.91E+000 +/- 4.98E-001 5.05E-002 +/- 5,13E-003
U-234 0.9%95 4761 .50%* 2.32E+000 +/- 3.87E-001 4.39E-002 +/- 4.46E-003
U-235 1.000 4385.50%* 2.08E-0061 +/- 1.07E-001 7.79E-002 +/- 7.91E-003
U-238 0.992 4184 .40% 2.18E+000 +/- 3.7CE-0Q01 5.01E-002 +/~ 5.09E-003
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= Apex-Alpha” At

Sample Description: HTC-A09-5001-1824-01
Spectrum File: \\OR-ALPHAl\Canberra\Apexalpha\Root\Data\00001940
Batch Identification: 17070%2A-U0T
Sample Identification: 18
Sample Geometry: Shelf 2
Procedure Description: U iz0
Detector Name: Alpha 060
Chamber Serial Number: 10006125B
Detector Serial Number: 6C
Env. Background: System Bkgd 196047
kReagent Blank: <not performed:
Sample Size: ' 1.270E+000 +/- 0.000E+000 gram
Sample Date/Time: ' 5/16/2017 6:05:32 AM
Acquigition Date/Time: 9/11/2017 11:35:32 AM
Acquisition Live Time: 170.0 minutes
Acgquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.669 mL
'Effective Efficiency: 0.1%44 +/- 0.0107
Counting Efficiency: 0.1477 +/- 0.0026 on 11/18/2016 3:34:04 PM
Chem. Recovery Factor: 1.3164 +/- 0.0759
Peak Match Tolerance: 0.150 MeV
----- PEAK AREA REPORT -————-

. Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) =~ Pk Area "Error % Backgnd Backgnd (kev)
J-232 . T 5.278 401.98 9.79 1.02 0.00E+000 8.9
U-234 4,723 155.96 15.81 2.04 0.00E+000 5.9
U-235 4.400 7.83 70.93 0.17 0.00E+000 3.0
U-238 4,147 150.32 16.03 0.68 0.00E+000 4.7

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -————
Id Energy ‘ Activity MDA

Nuclide  Conf. (kev) {pCi/gram ) (pCi/gram )
U-232 0.996 5302.50%* 4.34E+000 +/- 4.68E-001 6.80E-002 +/- 7.33E-003
U-234 0.989 4761 .50%* 1.68E+000 +/- 3.21E-001 8.38E-002 +/- S5.03E-003
U-235 0.998 4385.50% 1.04E-001 +/- 7.45E-002 5.54E-002 +/- 5.97E-003
U-238 0.950 4184 .40%* 1.61E+000 +/- 3.11E-001 6.04E-002 +/- 6.51E-003
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_Apex-Alpha”

Sample Description: . HTC-A09-8001-2430-01 _
Spectrum File: \\OR-ALPHALl\ Canberra\ApexAlpha\Root\Data\00001940
Batch Identification: 1707092A-UU
Sample Identification: 19
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 033
Chamber Serial Number: 040264794
Detector Serial Number: 91132
Env. Background: System Bkgd 196024
Reagent Blank: <not performeds
Sample Size: 1.210E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/16/2017 6:05:32 AM
Acquisition Date/Time: 9/11/2017 2:37:02 PM
Agquisition Live Time: 170.0 minutes
hequigition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracey Quantity: 0.670 mL
Effective Efficiency: 0.2213 +/-  0.0115
Counting Efficiency: 0.1681 +/- 0.002% on 11/18/2016 10:08:33 AM
Chem. Recovery Factor: 1.3163 +/- 0.0723
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT B

Energy Net Pk Area Ambient Reagent . FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd {keVv)
U-232 T 5.269 457.81 $.1%7 1.18 0.00E+000 8.3
U-234 4,724 179.66  14.64 0.34 0.00E+000 4.2
U-235 4.398 17.83 46 .68 0.17 0.00E+000 4.5
U-238 4.139 158.32 15.62 0.68 0.00E+000 8.7

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—---
Id Energy Activity ' MD2,

Nuclide Conf, (keV} {(pCi/gram ) (pCi/gram )

. 992 5302.50%*
. 980 4761.50%*

.55E+000 +/-
.78E+000 +/-

.66E-001
.18E-001
985 4184.40%

.56E+000 +/- 2.92E-001

0 4 4 6.55E-002 +/- 6.70E-003
0 1 3 4.74E-002 +/- 4.85E-003
U-235 0.999 4385.50% 2.18E-001 +/- 1.04E-001 5.10E-002 +/- 5.22E-003
0 1 2 5.57E-002 +/- 5.69E-003
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< Apex-Alpha q

HTC-A09-5001-3036-01
Y \OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001240

Sample Description:
Spectrum File:

Batch Identification: 17¢7092A-00
gample Identification: 20

Sample Geometry: Shelf 2
Procedure Desgcription: U iso
Detector Name: Alpha 034
Chamber Serial Number: 040264798
Detector Serial Numbex: 91136

Env. Background:
Reagent Blank:

Syatem Bkgd 196025
<not performed:

1.140E+000 +/- 0.000E+000 gram
5/16/2017 6:05:32 AM
9/11/2017 2:37:04 PM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Agquisition Date/Time:
Acquigition Live Time: -
Acquisition Real Time:

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.678 mL

Effective Efficiency: 0.1808 +/- 0.0102 _

Counting Efficiency: - 0.1728 +/- 0.002% on 11/18/2016 10:08:58 AM
Chem. Recovery Factor: | 1.0468 +/- 0.0616

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Huclide. {MeV) Pk Area Error %  Backgnd Backgnd (keV)
U-232 T 5.273 378.66 10.08 .34 0.00E+000 8.5
U-234 4.732 122.49% 17.75 C.51 0.00E+000 4.2
U-235 4,368 7.66 72.63 0.34 0.00E+000 3.0
U-238 4.155 107.00 19.04 0.00 0.00E+00C 7.2
T = Tracer Peak used for Effective Efficiehcy
wwwww NUCLIDE ANALYSIS RESULTS -—----
Id Enerqgy Activity MDA
Nuclide Conf (keV) (pCi/gram ) (pCi/gram )
U-232 0.9%4 5302.50%* 4 .89E+000 +/- 5.40E-001 6.17E-002 +/- 6.82E-003
U-234 0.954 4761 .50%* 1.58E+000 +/- 3.3CGE-001 6.75E-002 +/- 7.46E-003
U-235 0.9¢8 4385 .50% 1.22E-001 +/- 8.84E-002 7.59E-002 +/- 8.38E-003
J-238 0.9%94 4184 .40% 1.37E+000 +/- 3.02E-001 7.68E-002 +/- B.49E-003
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Page 1 of 2
9M11/2017 5:31:40 AM

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

Date  :9/11/2017
Time : 53140 AM

CBAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ‘ ALL Not Done :
Alpha 003 . 21f . ALL Passed 91172017 5:16:35 AM
Alpha 004 21f - ALL Passed 5/11/2017 5:16:36 AM
Alpha G035 21f ~ALL NotDone - :
Alpha 006 21f | ALL Not Done
Alpha 007 21f - ALL ~ Not Done
Alpha 008 21f ALL Not Done
Alpha 009 ‘ 21f ' ALL : Not Done : :
Alpha 010 21f ALL Passed 9/11/2017 5:16:37 AM
Alpha 011 21f ALL Passed 5/11/2017 5:16:38 AM
Alpha 012 21f ALL Passed 9/11/2017 5:16:39 AM
Alpha 013 | 21f ALL Not Done
Alpha 014 21f ALL Passed ‘ 9/11/2017 5:16:40 AM
Alpha 015 21f ALL Not Done
Alpha 016, 211 ALL Not Done
Alpha 033 Alpha Analystl00DC ALL Passed 9/11/2017 5:16:41 AM
Alpha 034 Alpha Analyst100DC | ALL Passed . 9/11/2017 5:16:42 AM
Alpha 035 Alpha Analyst100DC ALL Passed 9/11/2017 5:16:44 AM
Alpha 036 Alpha Analyst100DC [ ALL Passed 9/11/2017 5:16:46 AM
Alpha 037 Alpha Analyst100DC ALL : Passed 9/11/2017 5:16:47 AM
Alpba 038 : Alpha Analyst100DC Peak Energy %/ Action 9/11/2017 5:16:49 AM
Alpha 039 Alpha Analyst100DC ALL i Passed 9/11/2017 5:16:52 AM
Alpha 040 Alpha Analyst1 00DC Peak FWHM g~ Action 9/11/2017 5:16:54 AM
Alpha 041 Alpha Analyst100DC ALL Not Done '
Alpha 042 Alpha Analyst100DC ALL Not Done
Alpha 043 Alpha Apalyst100DC . |- ALL " Passed 9/11/2017 5:16:36 AM
Alpha 044 Alpha Analyst!00DC ALL : Passed 9/11/2017 5:16:538 AM
Alpha 045 Alpha Analyst[00DC CALL Pasgsed - 911/2017 5:17:01 AM
Alpha 046 Alpha Analyst]00DC ALL Passed 9/11/2017 5:17:03 AM
Alpha 047 Alpha Analyst100DC ALL Passed 9/11/2017 5:17:06 AM
Alpha 048 Alpha Analyst[00DC | ALL _ Passed 9/11/2017-5;17:08 AM
Alpha 049 Alpha Analyst100DC ALL- : Passed 9/11/2017 5:17:11 AM
Alpha 050 Alpha Analyst100DC ALL Passed 9/11/2017 5:17:14 AM
Alpha 051 Alpha Analysti00DC ALL | , Not Done
Alpha 052 ’ Alpha Apalyst100DC ALL ' Passed 9/11/2017 5:17:17 AM
Alpha 053 Alpha Analyst100DC ALL : Passed | 9/11/2017 5:17:19 AM.
Alpha 054 Alpha Analyst] 60DC ALL : Passed 9/11/2017 5:17:22 AM
Alpha 0535 : Alpha Analyst!00DC ALL Not Done
Alpha 036 Alpha Analyst100DC ALL Passed © | 9112017 5:17:25 AM
Alpha 057 Alpha Analyst100DC ALL _ Passed 9/11/2017 5:17:28 AM
Alpha 058 Alpha Analyst100DC ALL Passed 9/11/2017 5:17:31 AM
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Page 2 of 2

Review of QA Resuits - Puiser Check

‘ $/M11/2017 5:31:40 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 039 Alpha Analyst100DC _ALL Passed 9112017 5:17:34 AM
Alpha_060 Alpha Analysti00DC ALL Passed 9/11/2017 5:17:37 AM
<
APPROVED BY:

APPROVAL DATE: ﬁ%&é?V}b

0196




Library Listing Report

6/12/12 12;17:04 PM

Page 1

***************************************************************#*********

LIBRARY LISTING REPORT
HR AR R Ak kkkk kR bk h kA Ak kAR Ak Ak Ak kAR TRk kh kAL AR A F AR AR AT kb b hhhFohrdddk

*kkkk

Nuclide Library Title:

Nuclide Library Description:

Nuclide
Name

U-232
U-234
U-235
U-238
* = key line

TOTALS:

Half-Life

{Seconds)

=N

.174E+009
.731E+012
.221E+016
L410E+017

4 Nuclides

Energy
(kev )

5302.500%*

-4'761.500%*

4385,500%
4184,400%

Uranium

U-232,-234,-235,-238

Energy Yield

Uncert. (keVv ) (%)
0.000 99,8000
0.000 $9.8000
0.000 80,9000
0 .2300

4

.000 100

Energy Lines.

*khkkk*k

Yield
Uncert. {Abs.+-)

0.0000
0.0000
¢.0000
0.0000

0197



SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)

0198



-gjeudoidde se pauyenb eq pinoys synsay -ebues sano :o_”mgﬁ‘_“mu B} pApa8OXa SSRI [ENOY ..
“BNiBA VS DAJELINSS SOIEOIPY| -AjUO B}SQ SSOJE) IO Pasn S| Z4YS SSPIONUCIPEI JBUI0 JIE pUE BUdly SSOID 10} PASN S| LIVS «

00+300¥0') 6E:ZL LLI9L/SO 09 - 10-9£0€-1.00S-60V-O1H o¥L | 02 mw
00+30027 1 Z¥:ZL LLI9L/SO ag L0-08b2-100S-60V-D.LH oML | 6} <
00+30010°L viigL LL/GLISO Iy 10-¥281-L00S-60V-OLH oL | 8l
00+30002°1 op:Zl LLI9LISO Ly 10-8121-100S-60V-OLH odl | Il (1u/Biw) su0g soure)
00+300L5} 8¥:2) LL/9LISO 44 10-Z190-100S-60V-OLH oYL | 9l ssuIED
00+30062'1 05:2) Z1/9L/S0 zzl Z0-9000-1L00S-60V-O.LH ouL | ¢l or'ze (Bjusdp) 3oV 100811
00+32£20'L 0S:2) LL/9L/S0 L8 ASIN 10-8000-100S-60V-O1H | DYl | ¥l egl-yl #10S SLjdWOIPEY
00+30890'} 05:21 LLI9LISO L8 S L0-9000-100S-60V-OLH Dl | €L 62Z-Ul Jaoel] S3LIOIPEY
00+30£20'} 05:Z) L1/91/S0 06 10-9000-100S-60Y-O1H ouL | 2 Adoosoipadg eudly | adA juewnnsu|
00+30091°L Ov:vL LLISLISO €¢ 10-8¥2P-L00S-80V-OLH oYL L PaLIPOI 0°206 Va3 powaN
00+30081°L ShiblL LLISLISO S L0-ZP9E-100S-80V-OLH o¥L | 0l os XLye
00+3005€"} OvibL 21/5L/S0 e - 10-9£0€-1.00S-80V-OLH 94l | 60 6 spun jonbipy
00+3002¢°) 6L LLISLISO 8z L0-0E¥2-100S-80V-O1H DdL | 80 15d spun Auanoy
00+3009)°L | 2817l LLISHSO v L0-¥281-100S-80V-OLH odL | 20 14 loas] Hoday
00+3002ZL GG¥L LLISLISO 0g 10-8121-100S-80V-OLH oL | 90 B5LYG jo9f01d
00+30091 '} 851yl LL/9LISO 6¢ 20-2190-1L00S-80V-OLH odL | S0 "0U] ‘SUOHIN|OG UCISOM o
00+3£890°) LO:GL £L/91/S0 e 10-9000-100S8-80V-D.LH 0qQ po 1102/01/8 suyjpeag qe7.
00+300.0°} L0:SL £L/91/S0 Ve 10-9000-100S-80Y-O.LH dna | €0 LIL02/8LIL penjeooy ojeq
00+30000°L 00:00 L1/6L/20 MNY18 1am | 20 uny
00+30000°L 00:00 21/64/20 SO sO1 0 OSIiulL opoo sishleuy
%.u__w..“m u..ﬂﬂﬂm _u..m%_ EMG ow%hmm _Hw___ﬁﬂu_, JI7AN 12pI0 YoM
1 uny ]
jo9yg sishjeuy
wﬂw M _..w.w H_on.; 116 peIUld waw _%..M 2 bo_uﬂ._ﬂm_mm._cwmh_ﬂhmm



-sjeudosdde se payjenb ag pinoys synssy abuel SAIND UDHEIQHED B4} PAPASIXS SSEW BNy .,
‘anjeA S pajRLLRSS SSjeoIpy| ,  "AUO Blog SSCIC) IO} PISN SI 24YS "SOP|ONUTIDE JBLJO B pue Byd[y SS0IC10) PASN St LAYS .

0200

000 L'G 6GEC 0 o¥l T4
000 'S 892z 0 | WL | 6L
. 000 I'S NONN.O oYl 81
000 L'G 09¢¢'0 Dl A
000 L' 09220 odl 9l
000 L'G 0gcc’o oYl Sl
600 L'G 658220 Dyl 145
- 000 L'g 59220 odt | €}
000 1'G 09¢c’0 Ol cl
‘ 000 L'G ¥9¢co DAl (3
000 LS 65220 oyl ol
000 0S 0geeo oYl 60
000 _‘.m, ¢9¢c’o DdL | 80
. 000 [ 99220 oYl L0
000 s 29220 9S4l 90
- 000 (A Gggeeo oYL S0
000 l'G 659¢2°0 - 0d ¥0
000 1S €9¢¢0 dna €0
060 L'G (VXA AL 1an 20
000 €olL 125554 wou_. L0
Z =k 204 % 294 % (6) 3oN {6) jeurs (6) aauyt {1w) pappy 28 % {rod) saveis {wdp) 10V (6) yonbyy sseg | uopaeld
Jvs 4vs ueagy Aelg soNd ARID | USMId ABID. | SO ABID | JSLUED ABID  JLRSWOIpEY | JMJBUIOIpEY | [Ejof Jedkl] 190e1L ajduwes | feusy
} uny

WV 615 2L0Z/LL/6 -pajulld



‘speudoidde se psiyiiend aq pinoys synsay “ebuel dSAIND UORERIGHED B} PEPRBOXE SSEU [BNIDY ..

‘an[en 4y PeIELINSS SSIE0IPUI v

-A|UO B)Bg $SCIL) IO} POSN §) Z4YS 'SOPIONUOIPES JBUJO B pUE Budly SSOIS) J0) pasn SI L14vS .

0201

VTIIHOVCr | 0¥:80 £1/GL80 | SONITIVSH | 05:80 LL/€0/80 | ©¥l | 0z
VITIHOVCr | 0F:80 ZL/SL/80 | SONITIVSH 0G:80 Z1/€0/80 | DYWL | 61
V11IHOVdr | 0¥:80 L1/GL/80 | SONITIVSM | 0580 LLI€0/30 | DML 8l B
VTIIHOVr | 0P80 ZL/GL/I80 | SONITIVSY | 0S80 LL/E0/30 | Ddl Ll i
{ VIT3HOVAr | 0780 L1/GL/80 | SONITTVSM 0S:80 £1/£0/80 | OdlL 9l
VITIHOVAr | 0780 ZL/SL/80 | SONITIVSM | 05:80 2L/£0/80 | DulL 51
V113HOVCr | 0P80 21L/5L/80 | SONITIVSM | 06:80 21/€0/80 | ©¥l |~ ¥I
VT13HOVAr | 0%:80 2L/G1/80 | SONITIVSH | 0680 L1/€0/80 | DYl 13
Y1I1IHOVdr | 07'80 21/G1/80 | SONITIYSH | 0§:80 21/€0/80 | Ddl cl
VTI3HOVCF | 0¥780 £L/S1/80 | SONITIVSM | 05-80 LLIED/80 | ©¥L | LE
Y113HOVdr ov_wo LLISL/B0 | SONITIVSHM | 0S:80 LL/E0/80 | O¥L o
VTIZHOVAr | 0180 ZL/GL/80 | SONITIVSH | 0S80 L1/€0/80 | D¥L 60
VITIHOVAr | 0¥:180 A1/51/80 | SONITIVSH | 05:80 £1/€0/80 | DdL 80
Y1I13HOVdr | 0P80 Z1/GL/80 | SONITIVSH | 05°80 L1/€0/80 | DHl L0
VTI3HOVAr | 07:80 LL/GHE0 | SONITIVSM | 0680 L1/20/80 | ©dlL - 80
Y11IHOVM | 080 £1/G1/80 | SONITIVSH | 05:80 £1/€0/80 94l |- S0
V113HOVAr | 0P80 LL/S1/80 | SONITIVSH | 06:80 LL/€0/80 OQ. 1))
VT113HOVdr | 0¥:80 L1/51/80 - _ dna €0
YT1I3HOVAr | 0¥:80 LL/SH/B0 Bt 20
Y113HOVdl | 0%:80 £1/G1L/80 - SO 10
Ag - suiyt/ereq Ag o o18Q Ag apeq Ag aeq Iseg | uwopdeld
13 das 13 dag 0} dog 03 dog daid dasg daig ubnoy deid ybnoy ojdwes | peusmuy
P uny .
: 100ug sishjeuy
w._ﬂ, M HM Mn_._au: LI6 PoMuLd waw_%..w. L Eo_ﬁﬂ_wmﬂhﬂm%__”hwﬂw



MO | , LO-39L'E  |LO-38P°C ﬂo?mt._‘ Brod 10-9€0£-100S-60V-DLH odl BZZ-HL | 0Z M .W
MO 'Z0-305°8 | LO-3L6'T  (00+3¥0T) B1od 10-0E¥2-1.00S-60V-O1H oYL BZZ-HL 6l m. W
xo‘ L0-38Z'L  110-3LEY  |00+3SETL Bnod LO-PZRL-L00S-B0V-OLH YL 8Z2Z-HL ai m
o MO J LO-36§° L | bO-FLLY  |00+3LYL Brod L0-8121-1008-60¥-2LH 9yl 8zz-HY ya _‘..| % w
MO z0-386'. [L0-FE6'C  [00+308°} Brod L0-ZL80"LOOS-60V-0.LH DML QeLHL 9l w 3
o | MO LO-3PSZ | LO-FSZT'S  |L0-3Z9'S Bnod Z0-9000-1005-60v-01H oMl 82Z-HL Gl m
MO T0-304'8  |00+HITL  100+H.8°9 Bind aSIN L0-2000-100S-60¥-O1H |OSWA 8ZT-HL L ,..,.uw_.. i
MO . Z0-38%'6  [00+3P¥ L |00+346°2 Byod 10-8000- L 00S-60V-OLH SW 8TT-HL ¢l o
- piie) . B Lo-avil  |L0-362'1  |L0-F8TT Baod 10-9000-1005-60¥-0OLH osw 8ZZT-HL cl m
o
MO 20°30z'8 | L0-390°¢  |00+36L'L Brod LO-8¥ZH-1L00S-80Y"DLH oYL 8ZZ-HL L1 W
MO ! W 103101 |1o-328°E  |00+TbYL Bnod LO-ZP9E-L00S-80V-D1H o 8ZZ-HL 0L ~r m
- MO | w 20-99.°L  [LO-3S9°€  |00+3Z§E Brod 40-9808-1.00S-80V-O.LH oul 8ZZ ML 60 .l._ W
MO L0-380°L  |L0-360F  |00+FWY') Bnod 10-0£4Z- LDOS-80V-OLH DYl 8ZZ-HL 80 m
MO LO-3¥0'L  [L0-3L0°Y  ;00+3E9’L /10d LO-#Z81-LD0S-80V-DLH ouL 8ZZ-HL 20 .
] MO ) , Z0-389'9  |10-3§'c  |00+35¥°1L Bnod 10-812L-L0O0S-80Y>O.LH SuL 8ZZ-HL 90 m ,W
P MO Z0-359'6 | LO-36§'C  |00+30%') Bind Z0-Z180-1.00S-80V-DLH oYL 8ZZ-HL G0 % m
G
| O Z0-50¥'L  (1L0-398°F  |i0-3p0°9 Bpod 10-9000-1005-80V-OLH oad 8ZT-HL 0 m *
- ||xo|| j z0-304k°2  |40-36TT  |L0-360'8 Bpod LD-9000-1008-80V-OLH dna 8ZT-HL €0 ‘.....r -
i [
MO MO 10-3¥1L LUV (0-3.8'6 Bnod MNY1d aw 8ZZ-HL 20 , :
MO MO S.om.* 00+388'%  |L0-380°} VO-30L'6 | 00+386'S Bj10d 8971 807 mNN.:__. L0
e | wow | o | s | 3Ry ven sl s | S0 g | e |
¢ jo | afed L-OSIUL-¢60.0-L1L 18PIO NIOAA fiojeloqe eBpIy YeQ

Wd 452 L10¢/1 1/ ‘p3iulld

suolje|nsjen |eoijf|euy » noday ﬁ.«d Aleupwiadd

[eanAleuy supieqs




oo 00°0 g2'€zlL 00+3¥0° L 6823 LEIBLISO DYL 8ZZ-HL 02 M Mw
NN
00°0 00'0 Zo'gLL 00+32Z'} ZEIZL L119LIS0 Sul 8TT-HL 6l % ©
~h
00'0 000 £6'G 00+3L0°L ¥riZL LLI9LISO SHL 8ZZ-HL 8L M
. . _ . . . n
00°0 00'0 79'66 00+302°L o¥:ZL LLI9LISO oYL BZZHL L) o a
000 60'0 vi'ge 00+315° Bzt Lif9Lis0 DY, 8ZZ-HL 9i m., )
: 110
00'0 00'0 L6°0% 00+382°4 05:Z) LLI9LIGO 94l gzZ-ML GlL =
. ]
00°0 00'0 LB'YEL 00+340°¢ 052k 24191450 osia 8ZZ-HL 7l —
3
000 00'c 18'L3E 00+340°} LOISL LL/9LI0 SW BZZ-HL ol o
00'0 00'0 82'601 00+3L0'} 08:ZTE LLI9LISO OSiN 8ZZ-HL rAn m
. - m.
3
00°¢ 000 LESLL 00+391°L OFivl LLIgHS0 > H 8ZZ-HL i >
; LR m
00'0 0070 £E'16 00+381°4 E¥PL LLISLISO gL 8zZ-11 oL 3
o
! = =
00°0 00°0 legeol 00+38¢°L vl LHGLIS0 oYL 82Z-HL 60 - g
o]
000 000 1968 00+328°L B¥:¥l LL/9LIS0 oYl 82C-HL 80 &
00°0 00°0 £8°LL41L 00+391°1 TSl LLISLISO oL 8ZT-H1 L0
In
. _ . , ) : = |3
00'0 00'0 LB'0Z) 00+3Z2'} g5°%3 LLISLIGO ouL 8ZZ-HL 90 - >3
— o
" [
00°0 00'0 LB'E0L 00+39L°L BS:PL £1/91/S0 oyl 8ZZ-ML S0 MUD 9
o
) ]
00°0 00'0 0g°251 00+3.0°') DS} LL/GLISO oa 8ZZ-HL 0
m 000 00'0 r4%: 4 00+3L0'} LOISL 2L/9LISO dnad BIZT-HL €0
. - w
' 00'0 00'0 E¥'L0) 00+300°L 0000 L1H/6LILO aw 8ZC-HL FA\;
000 000 8L'¥6 00+300°L 00100 Li/61IL0 $01 8CT-HL L0
8L j/ateq alulyrajeg 33y % 08y % 994 % Jenbi|y a1eq 253Q : uopoeid
11 dag 01 deg Vs ELTTH ARID) oulBoIpeEY s|dureg ajdweg a|dwes SRiANN geT
¢ jo 7 abey L-OSIYL-260.0-LL 18PIO HIOAA Aiojei0qET 36pIY YBO

WNd LS:C L10T/L /6 Pajuld

suolje|nojes |esijhjeuy g Loday eleq Aleuiwyalg

[eohAleUY BUIIBT



9el £0-300'8| L0+3 ww.wmot yeo eudly| 20dgTY 9ET80 LLILL/GO odl 8ZZHL 0¢ M M
a4 £0-3 00°S| LO+3 Nv.h“ot ggo eydly| o8dgTY 9£180 LLILLIBO OuL 8ZZ-HL 6L m. m
il £0-3 00'v| LO+Z £0'9|0LL zeo eydly| cedg v 92IR0 LLILLIEO Oxl 8ZZ-HL . 8L M
) Zo-3 n_w._“ Lo+3 6078|041 gso eydly| dedgTy SE780 L4/L1/60 DYl BTZ-HL Ll nOb o
g 6P 02 Q0¥ Z0+A LL'L|0LE 670 eudly;  d0dgTY S€:80 L4/L1i60 ol BZZT-HL 9l m. m
€9l £0-3 00°6| LO+3 §§°'1[0LL gr0 eydly| 28dgTy $£180 £1/LL/G0 oMl | mwm.xh Gl m
9L i £0-300'8) Z0+3 2|04 ir0Teydly| oedgTY §£:80 ZLIVE/60 oswa 8TTHL L . ,.m
b'Lb £0-3 00'8] TO0+3 LL'5|0LL gpo eydly; oedgTy §€180 LL/LV/6D s 82Z-HL mw o
69l Z0-3 0L°F|  LO+Z LELIOLL gp0 EYdlY| 20dgTY SE:80 L1/LL/BO OSW BZZ-HL rA R 1_%1
6'4L £€0-300°Z| LO+H 85°6|0Lk vy0 Rudly|  092dgTY $E:80 LL/VL/BO o4l BZZ-HL LE w
L'8s €0-3 00'8  LO+3 9L°6(0LL £v0Teydiy| 20dgTY 52180 LL/L 1160 oMl 8ZZ-HL oL W
18k £0-3 00°4| 2043 62711041 ov0RUdlY| dedsTY §£:80 Z1/4 160 DuL 822-HL 60 m
§'81 z20-3 0¢°L] 2O+ 9271 |0LL 6£0 EYdlY; J9dgTV §€:80 LL/L1/60 ouk 8ZZT-HL 80 m
7’51 Z0-3 00°%| ZO+3 SLLiOLL geo eydyy| o0dg Y SEI80 LLILLIGO oYl 8ZZ-HL 10 .
B w.mr SO+ 00'E| TO+I ELVL|0LL LepTeydly|  29dgTY SE180 LLILLIBO Ol 8ZT-HL a0 ,W.
...... z'8lk £0-3 00's] zo+3 £0°4|02L igg0 eydiyi  dedgTyY 5€:80 £L/LLI60 oYl m.mm-_.:. GO m
S G
86k | £03 004 10+38E9.043 ggoTeydly|  oedgTy §€:80 LL/}L/B0 0d 8Z2-Hi i ¥0 B
el £0-3 00'P} L0+3 EF°9|0LL yeo eydly]  2edsTy 80180 LL/LL/60 dna 8TT-HL 1940)
J— Y w
g9l Z0-3 0T°L| 203 00'b|0LL igE0 ByUdlY | oedgTY §£180 LL/LL/BO 18l 8ZZ-HL 20
58l £0-3 00'6| TO+3 TB'CIZO0LL |vL0 BUdlY| DedgTY §8:80 LL/LLIGD 07 BZZ-HL LO
m M e [T e | e | S el N

¢ Jo ¢ abey L-OSIUL-260.L0-L1 49PI0O HIOM fiojeloge] @bpiy YO

Wd £§'Z LL0T/L1L/6 petld suonend|e) [eopAleuy g Joday ejeq Aeulwijald |eoRAlEUY BUiliaq3




MO | Z0-390'6 |10-3§5'S  j00+I6T'L Bpod 10-920£+1005-60V-04H OH.lL 082-HL 0c M %
MO 70-360°L  |LO-3LBE  |00+389'L Byiod E0-02¥Z-L00S-60Y-OLH L H 0£Z-HL1 6l m. W

MO bO-3LE L [H0-348'S  |00+391'T Bniod LO-+Z8L-L00S 60V-OLH ouL 0E2ZH1 g8l w
,. MO ) bO-3LT°L [ H0-3E0°9  |00+IOTE Bpod 10-81Z1-LO0S-60V-OLH 3211 082Z-HL L n% o
MO 1 20-382°9  |LO-H0§'9  |00+H06'Z Bnod 10-Z190-100S-60V-0LH oL 0EZ-HL 9l m m

MO ‘ LO-348°4  |F0+3IPLL  [LO+T6LE Bjiod Z0-9000-L00S-60V-2LH oYl 0ET-HL Gl m

MO’ o 20-396°5  |Q0+I¥6'Z | L0+308°L Bnod asW +0-9000-L00S-60V-21H | OSING omu-f[ L ,.m

o x‘o‘ 1 ” S.m__.mm: go+38¢'t (1043102 Biod S.m;%o;oom.mo?oi SW 0EZ-HL m_\, , o
] -mo ZO-29F'8  |00+FELT  [LO+IPEL By1od 10-9000- L 00S-60V-TLH osi 0€Z-HL N,_\. R m
- S
MO TOEZOP  [L0-HSLZ | 00+HB0°L Bnod LO-8¥Z -1 00S-80Y-DLH oYL 08Z-HL LL w
MO ‘ 20-399'8  |10-30£°%  [0043ET'L Bpod LO-ZY8€-100S-80V-0OLH oYL cmm-ﬁ 1]” ~ ;W,
MO - T0-308°'¢ 30319 |[00+300°L Buod L09£0E-L00S-80V-OLH oML 0EZ-HL 60 |.-. m
N wﬂo o ZO-3L0'8  [10-IEEE  |00+39VL m\_m,m! L0-0£+Z-L00S-BOV-OLH - oYl 08Z-H.L 80 m
o MO T0-30L°2 [LO-3ESE  |00+386'} Bnod LO-vZ81-L00S-80V-D1H oYL 0eZ-HL L0 .
MO 703689 |LO-FST'E |00+3£8°) Bod 10-8L21-L00S-80V-DLH DYl 0£Z-HL o0 m ,W
) MO TO-3¥T°L |LO-FBLE |DO+3ST'L Birod 20-2190-L00S-80V-DLH N 0EZ-H.L mo , n% m
— =3
MO ] TO-38L'F  |L0-3Z6°L  [LO-TL8'9 Bod L0-8000-L00S-80V-OLH o]es 0£Z-HL 0 i
MO MO A TO-ELL'9 |10-H98'L  |L0-386'S Bprod L0-3000-L0OS-B0V-DLH dnd 0£Z-HL £0 N -
MO MO ” 70-320°L |20-328°%  (Z0-38C'S Bod MNVIE gizH 05Z-HL z0 m 5

MO MO 9g'8LL (00+31'§ |2O-TL0'8  (00+3E0°L [00+3¢Y'Y ~ Bod $01 801 0EZ-HL 10
R R e o s | e | s
¢ 10 | abey L-OSIU1-260.0-L) 49PI0O HIOAA Kiciesoqe] sBpiy ¥eo

Wd LG-2 L10Z/LL/B ‘Palulld

suone[nofen [eanAreuy ¥ Jodsy ejeq Aleuiiald

leonAieuy suljeq:




1000 000 SLEZL DO+3¥0°L 8EZ} LE/SLISO oY, 0EZ-HL 0e M m%
S _ Q
;000 oo'e Z0°s4l 00+32Z°1 IV'TL LLI9LIGD DL 0EZ-HL 6l % o
: - PR r=p
; W,S.c 00'0 16'6L 00+310°L tHIEL LLI9LIS0 DML 0EZ-HL 8L m
00°0 000 29'66 00+30Z°} 9:T) LL/9LISO odl 0£Z-HL Li n% a
) c 2
00°0 00'0 ¥2'86 Q0+3E§ ) 8viz) LLIGLISO OHl 0€Z-H.L 9L —N =
o]
00°0 000 L0 00+357'4 0§:Th LLIGLISO oyl 0EZ-HL Sl =
I _— v
000 00°0 LEYEL 00+3.L0°) 0521 LLI9LISO OSWGa 0EZ-HL ¥l =
000 00°0 gL 00+320°L LO'§L 48/9LISO SN 0EZT-HL el o
000 00'0 82'601 00+IL0°L 05:2} 2L/91/S0 osw 0gZ-HL Zl m
N 2
* 2
000 00’0 [£4:1%" 00+394°E OFiPL LLISL/S0 oYl ggT-HL LL .
=1
- py
000 000 £C°L6 00+38L') £¥ivl LL/SHS0 oyl 0eZ-HL oL m
00'0 00°0 £5°001 po+35¢°} ¥yl LLiGLISO oML 0£Z-HL 60 W
o]
00°0 000 L1968 OO+ILE'L B¥ivlL LLiGLG0 o¥i 08T-HL 80 m
000 000 £8'LLL 00+394°L TSV LLISLISO oYL 0EZ-HL L0
- | Z
3
1000 00°0 26°0Z) 00+HZT} 99iPL LL/SLISO SR 0EZ-HL 90 - Z
| ——— &
_ i 73
000 00’0 18E0% 00+39L°4 85191 LLIBLISO ouL 0£Z-HL G0 W o
e O =
7]
000 0070 0g'L5) 00+340°L LIS L L4/91L150 0a 08Z-HL 0
c00 09°0 FANTAD 00+320°L LOISL Z1/9LIS0 dna 0€Z-HL 0
o - &
- §
000 000 6v'L01 00+300'% 00:00 LLGLILD 8N 0E2HL FA 1)
000 000 i1 7 00+300°} D0:00 LL/BLILD 81 0EZ-HL 10
aluyyfeyeqg swlllforeq o84 % 29Y % ey Y% jonbiy aeq 259 uoRIel
11 deg 0 dsg 4vs ueap ARID slawalpey ajdweg ajdwieg vjdweg #RUINN qeT
¢ 10 g ebed L-OSIYL-260.0-LL :49PIO HIOM fioyzioqe] abpiy ¥eo
Wd 262 LL0Z/1 /6 ‘pelulld suolje[nofes [eoljhjeuy g Moday ejeg Aeuwijald [eonAfeuy sullBg3




¢ o ¢ abed

Nd L5 L1102/ L/6

g'ch £0-3 S.m_ LO+3 28'8|0LL ve0 eydly| sedgTy $E:80 LE/LLIBD DYl 0£Z-HL 02 M W
VSE ] E0-F00'F|  ZO+3 KZULI0LL gg0 eudly| oedgTy 9€:80 LL/LLIBO ol 0EZ-HL BL % m
[
vk £0-3 00'8| TO+3 60°L[0LL 250 eydyy| o2edgTy 9E:80 LI/ LIBO DL 08g-HL gL m
e¥L ZO-3 0Z°L; TO+3 68'|0LL gso eydpy| oedgTy 82180 LL/L1LI6O oYL 0€£Z-HL Li .m.b o
N 8Vl £0-3 00°C| TO+3 Z¥'T 041 ev0 eudiy| oodgTy S£:80 L1/1L/60 oul 0eT-HL SL w m
€9l €0-300°¢| £0+3 221|043 groTeydiy|  2edgy SE:80 LMELIG0 Dl 0eT-HL Gl M
Z'9l .::m?m 00'¢| £0+3 09°1|0LL (Ly0 BYdiy | dedgTy S£:80 LL/L}/60 OSng 0ET-HL i v ,.mn
b'Li €0-3 00°L| £0+3 £9'4|0LL 9v0 eudly  cedgTy | 9Ei80 LLILLEO SN 0EZ-HL . 1 0
694 £0+3 §1°3|02) mgsmﬁ_qm JedgTy m 9€180 LL/L 1160 OSI 0EZ-HL ol g
B'LY £0-2 oo.rm L0+3 8L'6|0LL rp0 eydly} ocedgTy o 9€:80 LL/L1/6O o4l 0EZ-H.1 L W
L84 ‘ mo.m oo.hm LO+3 BE'5(0LL evo eydiy; oedgTy SE'80 LL/L 160 oYL 0£Z-HL 1] ~y ,M.m.
M - - =& =
VBE | £0-F 008 L0+3 996,041 opo eYd)y| odadgTy SEI80 LL/LLIBO Ol 0EZ-HL 60 - g
§'8l A £0-3 00'8| CO+3H $Z'L|0OLL ge0 eydly| oedg Ty 5£:80 L1/} L/BO oxl 08Z-HL . 80 m
- ¥5l £0-3 00'F| TO+ISZTLIOLL ge0 eydly | 9edg v 9L:180 LL/LLI6O OHl 0EZ-HL L0 g, .
651 £0-3 00°F| 20+3 LL°Li0LL LE0 BUdly| 20dgTY SE'80 LL/LLIGO R 0EZ-HL m S0 m m.w
z'8L £0-3 00'§| TO+ £0'}i0LL 9g0 BYdlY | 98dgTY §€:80 LI/ 16O Dl 0EZ-HL | S0 nOb m
. Q.
251 £0-3 00°2| 10+3 L8801 §e0 eudiy| oedgy SE180 LL/LLGO oa 08T-HL 0 P °
€Ll £0-3 00'S| }0+F ZE'5:0L) ye0 Bydly | oedgTy §€:80 LL/LL/6D dna 0€Z-HL &0
- " L W
g8l £0-3 00°Z| 00+3 99°¢|GLL tE0 Bydly| oedgTy SE180 LI/L 1160 gl=1" 0€Z-HL FA)
5'gLk £03 00°¢| Z0+3 LZ'P|20°041 |pi0Bydiyi oedg Ty S€180 LLiLL/BO $21 08T HL 10
o | MR e [ e | e [ G oy || e[
L-OSIUL-260L0-L) -49PI0O HIOAA fio1e10GE7 96PIY XEO
‘polIg suone|noie) |eojhleuy B Moday eleqg Aleujwijald [B2lABUY BUINBqT




MO “No-mon.w LO-FEZ'E  |00+3EL'L Bnod 1L0-9£0E-L00S-60V-OLH oML TETHL 0z M m
MO m.o.mom.m L0-g8¥'e  |00+3BEL 8y10d LO-0S¥Z-L00S-80V-OLH DYl ZEZT-HL 6l % =)
-
MO V0-3Z4 L L0-39TY  |00+30F'L Biod LO-vE8E-LO0S-60Y-OLH 122514 ZETHL 24 m
MO o z0-382'6 | LO-F6L'Y w?wnm.r Bpod L0-81ZL-L00S-60V-OLH oyl ZEZ-HL L m..uu o
MO Z0-326°L  |L0-3BE'E  00+3iLL Bpod L0-Z190-100S-60¥-DLH oMl TLTHL S w w
MO ) Lo-328°4  [10-3€0°E | 1L0-309'S Byod Z0-9000-i-008-60V-0LH WL ZeZ-HL Gl nm:
MO - z0-376'9  |00+J60°L [DO+EYL'Y B/1od dSI L0-9000-L00S-60V-21H | 0SNG ZET-HL 71 ‘m.
v:m %(_, ,,,,,, 20-370°6  |00+d¥ZL  [0O+3EB'D Bpod L0-9000- LDOS-60Y-D.1H sl 2ET-HL cL 0
pile] | L0-304°L  (L0-3BLL | L0-360°2 Bnod 10-9000°1008-607-0LH oS Nnu._.m....\_. rA m
MO Z0-H8Z'L  [LO-3ER'T  |00+3EL'4 Brod 10-9¥2 11 00S-BOV-OLH DMl Nnm-xﬂ‘, LL W
Ts) ZO-HS8'L  [L0-3L¥E  |00+3ET) Biod 10-Z¥9€-LO0S-80V-O1H oYl TEL-HL ;or - ,W.,
=3 =
MO | Z0-39¢¥  iLO-RL0°E  |00+3ST'Y Bpod L9208 L00S-80V-21H L2 TET-HL 60 - <
HO T0-328°9 [LO-SEP'E |00+3LE) Byod LO-08¥Z-L00S-B0V-D1H Ol 282 HL 80 m
o MO Zo-3L0e  [LO-AZLE | 00+3FZE) /104 L0-¥Z81-L00S-BOV-OLH oul ZEZHL 20 N
i MO Zo-3TLY  [LO-FEL'E |00+39Z°1 Bpod 10-8LZ1-100S-80V-OLH DHL ZET-HL .( a0 m ,M
MO ) iz0-318'9  |L0-398'7 | 00+340°L Baod T0-Z190-100S-ROV-2LH odl ZeT-HL SO % m
- - 4 2
L MO lz0-386°8 bo-FLL'L  |10-269'S Baod 10-9000-LO0S-80¥-DLH od ZEZ-HL ¥0 ®
o “mf xo ‘_ HO 2038 [LO-F6S'L  |L0-3p9'y Bpod L0-8000-100S-80Y-0LH dna ZETHL mo -
i . — o
MO MO 20-369°L |Z0-F00'E  |€0-3I8¥L- Bnod ANY1E g ZET-HL 0 N
o MO MO 80'0Z} S_Hm_wm.q ms-moo.r 10-304'6 |00+386'S Biod 21 801 ZeZ-HL L0
o | v Lo | WL ] e ven e e |0 s |
¢ jo | sbed 1-OSIYL-2¢60L0-LL 43PIO HIOM fioyeloge oBprd YeO

Wd L%C £L0C/L1/6 Peiullid

suone|noies eanhjeuy @ uodsey eyeq Aleurwiaid

|eopAleUY suiieqy




000 00'0 SLeTY 00+3¥0°L 6L'ZTE LL/ALISO oHl ZETHL 02 M
00°0 000 061 00+322°) TYTL LL/9LISO I ZEZ ML 61 % (
' Pty v
00'0 000 661 00+310') vriEL LSS0 ML 2ETHL gL W
i . . . . . ) wn
; 00°0 000 29'66 00+30z°L 9viZI L4(91/S0 oYL TETHL L o o
w = g
: . . . . . c PS
: ao0'0 000 v.1'86 00+3148°} 8F:TL LLI9LIS0 oul ZET-HL Sl _-,.~
| 00'0 000 L6 0P 00+352°1 05:Z)b LE/9LIG0 oyl ZEZ-HL Gl - |
i »
000 000 LE'PEL 00+340°L 08:Z1 LLBLISO OsWGa ZETHL 7l = ,V
R — s - - ,ﬁ
00'0 00°0 8L 00+340°L LO:§ L ZHOL/SO S TET-HL el o ﬁ
000 50°0 8Z'60L 00+320°L 05:ZL LLI2LIG0 OsW ZEZ-HL A" m
I e o W
| 00°0 000 LE'GLE 00+39L°L OFivL LLISLIS0 DML ZEZ-HL L -
. - L w.
000 000 £2'L6 00+38L°L ViYL LLIGHISD oul CETHL 0l m.
2D
- B 3 e | - m
00°0 00°0 £8°¢0k 00+35¢L iyl LLIGLISO 2ul TEZHL 60 - g
- o)
00°0 00'0 Lo'gs 00+3.28"L 8L LLISLISO oul TETHL 80 £
000 000 e84 00+391°L Z5¥L LLISLIS0 oul ZEZ-HL 10
- l b
g
00°0 00°0 18024 00+322°) S5'¥L LL/SLIS0 oul ZET-HL a0 - <
— @
000 000 (X: 118 00+39L°L 85:¥L Z1/91/50 DYl CETHL G0 w o
- O i
(1]
00'0 000 08251 00+340°L LO:GL L1i91L/50 oaq TEZ-HL 0
000 00°0 ZL'ezL 00+340°L LO§ ) LL/94/50 dna 2ET-HL £0 -
* - L m
00'0 000 8Y'20) 00+300°) 0000 LL/BLILO g ZET-HL 0
000 00°0 8lL'¥6 00+300°L 00:00 ZH8BLILO s21 ZETHL L0
suhjs#ed awi | /e3eq 384 % I % 29 % jonbily ayeq s8aQg HoNoRIg
13 dag g deg A 4v8 Leapy AgJE) aujRwc|pey ajdwzeg ajdweg ajdweg PRIORN ge
¢ j0 7 obed L-OSIUL-260.0-L} 19PI0O HIOM Aioieroqen abpi Yeo

Wa L5¢ £102/L1/6 ‘Poluld

suone|no|es jesnAreuy 9 pwoday eleqg Areuiwjalg

leophieuy eulueqs]




¢ Jo ¢ affieyd

LA £0-3 00°L| LO+3 8¥L;0L) ve0 eud)y| oadgTy 9£:80 LLILLIGO oul ZEZ-HL 0z M O
it
- - O
151 £0-3 00'L| ZO+3 LLTL0LL gs0 eydly| dadgTy 98:80 LL/LLIBO oHlL ZEZ-HL 61 % =)
e - N et
vik £0-3 00'%|  LO+T £O°L|0LL zgoTeudly| odedgTy 9€:80 LE/LL/60 odl ZEZ-HL atL m
£l £0-3 00'¢| LO+3 TE'6(0LL 00 eudly! oedgTy 52180 LL/L1/6D oMl ZEZ-HL Ll M\uu a
= |3
4 £0-3 00°8) ZO+3 §1°L|04L 690 eudiy| 2edgTY S£:80 LL/LLI6O0 ouL ZEZ-HL 9L m, =
_ o
£'9% £0-3 007 10+3 LL°1|04L 8¥0 eudyy; ocedgTy S£:80 L1/LL/BO ol ZET-HL GiL =3
. ]
2'9) £0-3 00'¢| 20+3 ¥¥'S|0LE Iy0 eydly| oedg Ty §€:80 LL/LLIBD oswg ZET-HL Y1 w
A O3 00°Y| ZO+d 95904 gro eudly| odedg Ty 9€:80 L1/LLIBO Sk ZETHL Cl o
691 20-3 0v'L| L0+F 85°'L|02) gr0 eudiy| oedgTy §£:80 LL/1LIG0 oswW TET-HL 2L 2
2
3
8Lk £0-3 0074 20+3 ZO'L0LL ro eUdlY!  dBdgTy §2:80 LL/L1/60 el ZEZ-HL Ll o
3
[T
. - i -~
8l £0-3 00°§| ZO+3 £0°L|OLL gro eydly| oedgTy S£:80 LL/LL/6O oYl ZETHL 0L 8
1]
” - =3 =
Vel £0-3 00°L| ZO+3 OZ'L:0L) 0v0 Budly | D0dsTY SE180 LL/LLIBO oul ZeT-HL 60 - g
o]
N1 €0-3 00'%]  Z0+3 L1°L|0LL 660 eyd)y| oedgTy S€:80 LL/LLI60 o¥l Z22-HL 80 w
's1 £0-3 002 20+3 LZL|0LL ge0 eydly| 2edgTy 5€:80 £4/L1/6D O¥lL 2ET-HL L0
I|_ b
=
651 £0-2 00°L| CO+F ZL'L04Y lg07eydiy| oedgTy SE:80 L}/LL/BO oYl ZET-HL 90 - k3
7 )
z'8L £0-3 00| LO+3 £8°8|0L1 gg0 eudly| oedgTy §5:80 ZLIVE/BO oMl ZET-HL GO S o
O |&
- - 1]
g'st 00+3 00'0F  LO+3 GL'S| 01 gep eydpy!  oedg Ty §2:80 LLILYIGD ca ZET-HL Y0
e il £0-3 00'E| 10+F §L'¥|0LL ye0 eydly | 20dsTY §£:80 LL/LL/6O dna ZET-HL €0
— w
88} £0-3 00| 103 0L'g-i0LL ge0 eydly| dedgTY SE80 LL/LLIGD RE={l ZET-HL rA)
58l €0-3 00°L TO+3 €6°¢|20°0LL |pLOTeudly! dedsTV §€:80 LH/LLIGO §01 ZET-HL Lo
WD awll (sAep) awil fayeq 283} ugnoesy
u3 Byg sjunog Jnoo | Joplies 1oayag - Bugnon sidueg 3PHONN o

Nd £5:2 L1102/ 1/6 -Pajulid

L-OSIUL-260.0-L] :49PJO HIOM

suone[noes [eonAjeuy B Moday eeq Aseuntuald

froyelogen abpiy ¥eO

jeanheuy aulegT




_ goo Lel0°¢ 66220 00r0L 6¢:2l L1/9LISO 10-9€0€-100S-60V-01H DYl 4 TW

00°C 6€60°S 89¢c0 00cT't Zviz) LL/9LIS0 LO-0EFC-100S-60V-O1H Dyl :15 m
000 S080°G 29¢e0 00Lo’L gl LL/9LIS0 _\o-vmm_‘-_‘oom-mo(.ot.._. 0¥l 8l
o000 09.0'G 0922°0 000zZ’L arcl LL/9LS0 10-8121-100S-60v-O1H oyl Ll
000 09/0'S 09220 00Ls’L 82l LL/9L/SO L0-2190-100S-60¥-01H - DYl 9l
000 09.0°6 09¢20 00se’L 0521 21/9L/S0 Z0-9000-1005-60v-OLH Odl Si m.ﬁw
ocoo 1€20'S I TAAY 2801 06:2) 21/91/S0 dSW L0-9000-100S-60v-0LH Ddl 14
oo..o 2L180°S S9¢C0 08901 052l 2L/91/S0 | SN L0-9000-100S-60V-O1H | ©ul €l
000 09.0°S 09220 0201 0621 L1/91/S0 $0-9000-L00S-60v-0OLH oyl zL
000 6780°S ¥9¢2'0 009L'L o-vL LLISL/SO L0-8¥Z-100S-80V-OLH ol L
000 LE10°G 85¢C0 oo8L’L evvl LLISLISO L0-2¥9E-100S-80¥-O.LH Ol oL N

B 000 9800°S 0gegco 00se’t 9wl LL/SLISO L0-9£0€-100S-80V-OLH oYl 60 ,
000 S080°S cgeeo 00.E°L 6F L LLISLISO LO-0€E-100S-80v-O.LH oSd.l wo @M
000 ¥680°G 89Z¢0 00sL’L 5%l L1/SL/S0 10-¥€81-1008-80v-01H UL L0 ﬂmvu

i 000 5S080°¢ [AsrdA o0occ'L GoivL LL/9E/S0 L0-8121-L00S-80V-0.LH Ol 90
000 LP90°S §5ec’o 00col’L 8S#L L1L/9LIGO 20-2190-100S-80¥-O1H DYl S0
000 wao.m 65220 £€890°L 1061 LL/9L/S0 }+0-9000-1L00S-80V-O4H oda ro N
000 1280's €9¢¢0 00.L0°L LO-SL L1/ Em.o 1 0-9000-100S-80V-01H dhdad £0

i 000 ¢501L's €42C0 0000'L 00:00 £1/6L/40 YNV 1aw 20 nﬁ
000 2052°01 ¥85¥°0 0000} 0000 LL/611L0 SO1 SO Lo w_\

4 « 94 % (iod) saoeif (wdp) 10V {6) yonbiy jonbipy 8jeg ai asag uopoeLd
4vs dvs | ouowopey | | JtpswomEY 409841 49984] oyduies sdures Wl spduies | ey

1 Jo 1 abed

WY 815 LEFOZ/LHE ‘paluild

egl-yl :@fJadeil
os w (Bpod) L-0SIUL-T60L0-L)

*JU] ‘sUoRN|Og UOISap JudlD
Hoday wooy junon



86/80 02 UOISPA

N
<
S
00zz'0 2107518 |09F'ZE PoEg-UL 6ZZ-ul 0z
0072'0 JLL0z/5L/8 |09yEE Bgl-Ul 622Ul 6L
00ZZ'0 i LL0ZISLS (09722 BBL-UL 8ZZ-UL 8L
o0zz0 1107818 |09z Bgl-Ul 622Ul i
00220 LALOZIS LS |097'EE BglL-ylL 6Z2-UlL 9L
00z2'0 £10ZI51/8 omv.mm. BgL-ul 6Z2-UL gl
002Z'0 LLozius |osrer BgL-Ul 6Z2-UL 143
0022°0 | 21025808 |00VZE egl-ul | 6Z2Z-UL e
00z2'0 |21ozisie losrzz egl-uL 6ZZ-UL Zl
0022'0 | Lv0zi5L8 |ostzz BgL-UL 6Z22-UL L
ayidg x13ep 00ZZ'0 14102848 |0grEE ,..\mmr-ﬁ 622Ul oL
00220 |tioziere Josrzz | eelul | 6ZZUL | 60
00220 |LrozisLe osrzz _ egl-ul 622Ul a0
00220 SilLioziwe |osvEe foegl-yl 62Z-uUl 10
00ZZ'0 12102/51/8 108¥ZE BgL-4l mwmns._. 90
00Z2'0 LL0Z/L/8 08P 22 selul | eez-ul S0
0022'0 |LiozeLe [09kTE egl-ul 6zzuL | 0
00Z2°0 1102818 109v'ZZ BgL-UL m 622-Ul n,o
0022'0 |z10zreLre Wo@.mm BgL-U] gzz-uL | 20
00zT'0 ) ilLiozisLg Wo@vmm 2G1-41 “ 622Ul Lo
51 o, [ | G | s | e | w5 | ssoon | ooy
Tiir-gede pasjuligd aoueeg: . . islaoel] - :
8420 €L 0000 000 1820 162 6210 86 10040 LL0ZiSLB | 096'€01 qg-uL Zez-ul
SLL0 CTA4 0000 000 prL0 ree mﬁ.,,o s 0050 |Ll0zise  |0esez qi-uL onwu_,,,_.k.
8.2°0 ¢iL 0000 000 L8270 54 6210 6y GLELI Lo 8901°0 10040 Lb0CISHE | 09SE0L _ 98-yl g8eZ-uL
speunsy 1d - ajewysy tod ajeinsy 1od apelnsy (B) pasn (B) pasn (6) paspy (6} pasry uonIpRY s1eq Budp _ 4105 adogos)
10443 pappy FLI UMOUY Joug pappy foug. DUM[OA aumen auinop aurnjon xouddy uoRMog Aoy ;
AsSiv: Sasotiiie g -t asw gsol | s risdT Dot seIdg XneIN 8 SO
7\ TIVONOADINW -~ | LLIGL 2L0Z/GLI8 OSIUL b 60L0-L1
S{Ri}IuU| SSaUFIAN —S[en | ueduoa | ueiIUYD8 ] ajeq apon sishleuy uny JBPIO) RIOAA [BUISILY

Wd 8LE LLOZ/5L/8 Pl

| jo | afied

193USHIOM 49981 pue ayidg

Aojedoge eBoiy xep
feand|euy auaqy




/ \ / w oyeq . Y UBIDILYDS |
ST Y7
(90]
—
AN
o
SPUBLILLIC?T)
00+300%0°L Odl 10-9208-100S-60¥-01H 0Z
00+3002¢’ L 2ul LO-0E¥Z-1L00S-60Y-21H &1
’ 00+30010°L 2ul LO-¥Z81L-L00S-60YV-DLH 81
00+3000¢° 1 (3218 LO-81LZ1-L00S-60Y-OLH I
00+30018°L 2218 10-2 _.ma.room.me<-0._.z 9
00+3006¢° L 31 209000~ 1L00S-60V-2LH Si
00+32EL0°L odl |OSW LO-2000-100S-60V-2LH vl
B 00+30890°L DYl |SIN 1L0-9000-E00S-60V-O1H £i
00+30EL0°L 31~ 1% 10-9000-1005-60v-21H F4"
00+30091°1 Dyl LO-BFEY- LOOS-80V-DLH 43
W 00+3008L°L SdL F0-Z¥9E-1005-80V-O1H ol
00430085’} LT LO-9E€0E-L00S-80V-D1H 60
00+300.€°L 4L L0-0E¥2-1005-80V-D1H 20
00+3009L°L [ar-18 LO-¥Z8L-100S-80V-05iH 10
- 00+300ZZ°L DML LO-8LZ1-4L00S-80V-DLH 90
00+3009L°L OH.L ¢0-2190-100S-80V-0LH G0
- 00+3£890°) 0q LO-9000-L00S-80V-OLH 0
CO+300L0°1 dnd L0-9000- L00S-80V-DLH €0
£0+30000°L g MNY19 z0
00+30000°L S01 801 1]
by {lw) jonbiy Jonbiy adAL ai D
3810 £H peppyselem | . s : Soiban el e :o_mem
Auoy spljog £-H eje(] Jonbiiy SiA eyeq yonbipy eje(] uolnig eyed s|unw adwes | - "SUCHNIOS UOISBA ael
V1I3HOVdr 1102/01/8 swetH osIuL 260.0-L1
UL BUNDRET OF Sy Ein S0Y MBAfEUY BRI MIGRL
| Jo | sbey nbi fiojeloge ebpiy =20
WY 128 L102/Gl/8 -pojulid H@@P_mv_u_o; “_.0 U_< |eonfleuy sulluegq3



0214

¢810l 'ON abed 0S|yl :sishAjeuy jooqgbor daid ybnoy :sisAjeuy:sieq R .\\v& ‘uepluyos |
(siuswiwos @8s) Jayl0 L ysny .y ‘piezeH d0d :d 'pdezeH sebio 0 10H :H sapon ferneds
SIUBLILIOD

[ 1 885000NS

HMA, 1~ 62500 NS dwisjos] Jaysiy

SN3AO

Q0000 00000 0066 v9L 008F 616 Q0PEFL 10-920£-100S-60V-D1H 07
00000 00000 00LL0LL 0099vE6 0055 vi L0-0E¥Z-L00S-60V-O1H 6}
00000 00000 0020°529 00.8'v9/ 06t 1 LO-+¥Z81-1L00S-60v-D1H 8l
00000 00000 Q0LE'69.2 008LL¥6 00¥S ¥l FO-8EZL-100S-60Y-01H F13
00000 00000 001L¥'88L 00259001 0085¥1 L0-Z190-L00S-60V-DLH 9
00000 00000 00ZZ'688 0082 L06 0009°F1 Z0-9000-1.00S-60V-O1H 112
00000 60000 00FL LG8 0098°c68 0029F1 asi Le-9006G-1005-60V-21H 1 4]
00000 00000 [010) 4 AFac1s] 0098°c68 00E9'PL SI 10-9000-100S-60¥-D1H 4]
000070 00000 00y’ LLE 0geeZee 00291 10-9000-100S-60V-D1LH zi
000070 00000 Q0167189 oog6'erg [010;%° 8 4 10-8¥Z¥-100S-20v-O1H 1%
000070 00000 00v6°L9. 0021 ¥¢6 0029'vI LO-Z9E-L00S-80V-D1H (1]
00000 0000°0 oneggers 008968 00e9 L LO-9£0£-100S-80V-O1H 60
00000 00000 00y 0L 009.°806 00¥9¥L LO-0£¥Z-100S-80V-O1H 80
00000 Qo000 oove LLL 0098648 Q0zZL ¥l LO-¥221-L005-80V-D1H L0
00000 00000 0000°569 Q0¥9'€98 Q0EL'PL L0-8LZ)-i00S-80V-OLH Q0
00000 00000 0020¢lLs 008l 488 0004 FL ¢0-2190-L00S-80v-OLH g0
00000 00000 00057 LS. 00vE 296 Q099 10-2000-100S-20V-21H 0
ojuj WM 841 1w g m Aig TWMISM IMued arweid uonoely
le1sedg m_,._._Emw (B} ssoin (B) aie] °oU| ‘SUoNNOg UOISOAR |aupagg
[ 15289 Jaysnu) mer  [~z0to0o :48ZuoAind 0319
i :
SONITIVSH L10¢/vI8 2102/€/8 110¢2/2/8 LL0Z/0L/8 ¢60.0-L1
URIDIULYDD] pauimay sjeg pajeas ajeq daug ug paatasay ajeq aulpesq ge _ 3PSO YoM
6661/8 0'¢ UOISION
| jo | abey joog 6o yooqBo daig

WY 05:8 2102/8/8 Pajulld

ucenesedald sidweg ybnoy

abpiy yep - saoinag sulllagl



Sample Description:
Spectrum File:
Batch Identification:

SPIKE
\\CR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001540
17C7092A-TH

Sample Identification: 01

Sample Geometry: Shelf 2
Procedure Description: Th iso .
Detector Name: Alpha 014
Chamber Serial Number: '
Detector Serial Number: 14

" Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acguigition Real Time:

Tracer Certificate:

System Bkgd 196023
<not performed:

1.000E+000 +/- ©.000E+000 gram
9/11/2017 5:57:04 AM
9/11/2017  8:35:21 RM

170.0 minutes

170.0 minutes

Th229 S TH-18A

Tracer Quantity: 0.456 mL
Effective Efficiency: 0.1740 +/- 0.0114
Counting Efficiency: 0.1847 +/- 0.0032 on 11/19/2016 1:08:18 PM
Chem. Recovery Factor: 0.9418 +/- 0.0637
Control Certificate Name: NatTh_Th-8
Chem. Recov. of Control: TH-232 1.200850 +/- 0.105637
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambilent Reagent PFWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.799 15.96 52.60 2.04 0.00E+G00 7.3
TH-228 5.395% 392.47 9.92 1.53 0.00E+Q00 7.9
TH-229 T 4.869 363.13 11.30 1.87 0.C0E+000 7.0
TH-230 4.640 421.49 ¢.55 0.51 0.CO0E+000 6.2
TH-232 3.982 392,81 g.91 1.13 0.CO0E+000 8.6

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -————
Id Energy Activity MDA

Nuclide  Conf (kaV) {pCi/gram ) (pCi/gram )
TH-227 0.987 5850.00%* 2.49E-001 +/- 1.35E-Q01 1.22E-G01l +/- 1.56E-002
TH-228 1.000 5400.00% 5.98E+000 +/- $.70E-001 1.08E-001 +/- 1.33E-002
TH-223 1.000 4872.00% 4,.648+000 +/- 5.95E-001 1.16E-001 +/~ 1.49E-002
TH-230 0.995 4672.00% 6.,43E+000 +/~ 1.03E+000 8.01E-002 +/- 1.03E-002
TH-232 0.998 3997.00% 5.98E+000 +/- 9.70E-001 1.00E-001 1.29R-002

Ol/ﬂ//’]
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Channel Data Report : 9/11/2017 11:37:53 AM Page 1

N Y I I I I I T I L I T I I I Ity

F ok kK k S PECTRAL DATA REPORT *h ok k ok
hhkhhhkhhhhhhhhhhhhhhhhdbhhhhhrhhhhhhhhhdhdhhhhhhdhhhdhhhkk

Sample Title: 01

Elapsed Live time: 10201

Elapsed Real Time: 10201
Channel|------ |------- |------- |------- |--~--- [------- [------- {------- |
1: 10201 10201 0 0 0 Q 0 0
9: 0 0 0 0 0 0 0 0
17: 1 e 0 0 0 0 0 0
25: 0 g 0 0 2 0 1 1
33: o 1 0 1 0 0 0 0
41 : 0 2 0 0 0 0 2 0
49: C 1 1 0 1 0 0 2
57: o 1 0 0 0 0 0 2
65: 0 0 0 1 0 2 1 1
73 0 0 0 0 1 0 2 3
81: 0 1 0 3 0 2 2 0
89: 1 -0 1 2 1 0 1 0
97: 1 1 0 1 2 5 2 0
105: 3 2 1 2 0 2 1 1
113: 1 2 4 2 1 2 2 2
121: 1 3 2 7 5 3 1 2
129: 3 4 2 & 4 5 5 8
137: 7 3 5 4 5 7 9 6
145: 11 9 5 7 9 11 9 9
153: 10 10 7 13 12 8 11 11
161: 11 15 11 1% 12 26 21 i3
169: 18 17 11 10 15 14 15 10
177 11 8 3 1 0 0 4] 0
185: 0 0 0 1 0 1 0 0
183: 0 0 0 1 0 1 0] 1
201: 0 0 0 0 1 0 0 0
209: 0 1 0 0 0 1 0 0
217: 0 0 0 0 0 0 0 0
225: 0 0 0 0 0 0 0 0
233 0 0 0 0 0 0 0 0
2470 : 0 0 0 0 0 0 0 0
249 i 0 0 1 0 0 0 0
257: 0 0 e 0 0 0 0 0
265: 0 0 ¢ 0 2 0 0 0
273 0 1 1 1 0 0 0 1
281: 2 0 0 1 0 0 0 1
289: 1 1 0 0 i 1 Q- 0
297: 0 2 0 1 0 1 1 0
305: 2 0 2 1 0 0 0 0
313: 0 0 -0 0 0 1 2 G
321: 0 0 0 0 1 0 0 1
329: 1 1 0 1 1 0 0 1
337 . 1 0 0 2 1 2 1 3
345: 2 2 -2 1 2 3 2 2
353: 4 1 5 2 2 6 3 7
361: 3 2 5 2 3 5 3 7
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Sample Title:

Channel |~~~ | === [ =smmmn [ mmmo o | mmmm s [ oo oo

5
11
16

8
11

7
12

7
12
16

8 6 9
16 11

14
15

5

10

377:

385:

11

12
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pex-Alpha”

Sample Description: BLANK
Spectrum File:

Batch Identification: 1707092A-TH
Sample Tdentification: 02

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 033
Chamber Sexrial Number: 040264794

Detector Serial Number: 91132

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguigition Date/Time:
" Acqguisition Live Time:
Aoguisiticon Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

1.000E+C00 +/

System Bkgd 196024
<nct performeds

9/11/2017 5:57:04 AM
9/11/2017 8:35:23 AM
170.0 minutes
170.0 minutesg

Th229_S_TH-18A

0.227 mL

.0.1807 +/- 0.0155
0.1681 +/- 0.0029 on 11/18/2016 10:08:33 AM

1.0749 +/- 0.0940

0.175 MeV

0.0COE+000 gram

\\COR-ALPHAl\Canberra\ApexAlpha\Root\Data\Q0001939

.05E-002
.92E~002
.03E-002
.18E-002

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.875 5.83 82.55 0.17 0.C0E+00C0O 3
TH-228 5.311 -0.04 7506.4 2.04 0.00E+000 3
TH-229 T 4.857 156.83 15.66 0.17 0.00E+000 3
TH-230 4.600 3.66 107 .87 0.34 0.00E+000 3
TH-232 3.948 -0.51 400.63 0.51 0.00E+000 0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———--
Id Energy Activity MDA
Nuclide Cont, {keV) (pCi/gram ) {pCi/gram
TH-227 0.997 '5850.00% 8.77B-002 +/- 7.39E-002  $.28E-002 +/-
TH—228_ 0.960 5400.00*% -5.87E-004 +/- 4.41E~002 1.14E-001 +/-
TH-22% 0.399% 4872.00% 2.31E+000 +/- 3.88E-001 6.15E-002 +/-
TH-230 ¢.973 4672,.00% 5.38E-002 +/- 5.87E-002 7.02E-002 +/-
TH-232 0 -7.48E-003 +/~ 3.00E-002 7.69E-002 +/-

.988 3287.00%

-
G

.28E-002

0220
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Sample Description: HTC-A08-5001-000€-01-DUP

Spectrum File: \\CR- ALPHAl\Canberra\ApexAlpha\Root\Data\o0001939
Batch Identification: 170G7092A-TH

Sample Identification: 03

Sample Geometry: Shelf 2

Procedure Degcription: Th iso

Detector Name: Alpha_034

Chamber Serial Number: 040264798

Detector Serial Number: 91136

Env. Background: System Bkgd 196025

Reagent Blank: <not performeds

Sample Size: 1.070E+00C +/- 0.C00E+000 gram
Sample Date/Time: 5/16/2017 5:57:04 AM
Acquisition Date/Time: 9/11/20L17 8:35:25 AM
Acguisition Live Time: 170.0 minutes

Acguigition Real Time: 170.0 minutes

Tracer Certificate: Th229_ S TH-18A

[

Tracer Quantity: .226 mL

Effective Efficiency: 0.2214 +/- €.0175

Counting Efficiency: 0.1728 +/~ 0.0029 on 11/18/20316 10:08:58 AM
Chem. Recovery Factor: 1.2812 +/- (¢.1033

Peak Match Tolerance: 0.175 MeV

_ Energy Net Pk Area Ambient Reagent FWHM

Nuclide {(MeV} Pk Area Error % - Backgnd Backgnd {keV)
TH-227 5.792 4.32 102.62 0.68 0.00E+000 3.0
TH-228 5.356 64.32 24 .59 0.68 0.00E+000 4.3
TH-229 T 4.859 191.32 14.2C 0.68 0.CCE+000 3.6
TH-230 4.628 53.15 27.14 0.85 0.00E+00Q0 3.7
TH-232 3.947 41.49 30.65 0.51 0.C0E+000 5.2

T = Tracer Peak used for Effective Efficiency

~~~~~ NUCLIDE ANALYSIS RESULTS -----

1d Energy ' Activity MDA
Nuclide Conf. (keV) {pCi/gram ) (pCi/gram
TH-227 0.983 5850.00%* 5.01E-CO2 +/—_5.19E—002 6.54E-002 +/f 1.01E-002
TH-228 0.8390 5400.00% 8.09E-001 +/- 2.35E-001 7.10E-002 +/- 1.10E-002
TH-229 0.%99 4872,00% 2.15E+000 +/- 3.32E-001 6.34E-002 +/- 9.79E-003
TH-230 0.%30 4672.00% 5.95E-001 +/- 1.86E-001 €.71E-002 +/- 1.04E-~002
TH-232 0.987 3997.00*%  4.64E-001 +/- 1.59E-001 . 5.87E-002 +/- 9.06E-003

ﬁﬂjrf

0225
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.= Apex-Alpha”

HTC-AQ8-S001-0006-01
\\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\0C001939

Sample Description:

- Spectrum File:

Batch Identification:

" Sample Identification:

Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size;:

Sample Date/Time:
Acguisgition Date/Time:
acquisgition Live Time:
Acguisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

1707092A-TH

04

Shelf 2
Th iso

Alpha 035
040264774
58771
System Bkgd 196026
<not performeds>

1.068E+000 +/-

5/16/2017 5
9/11/2017 8

:57:04 AM
:35:27 AM

170.0 minutes
170.0 minutes

Th229 & TH-18A
.226 mL
,2485 +/- 0

0
0
0

.1580 +/-
1.5730 +/- 0.1213

.0187

0.C00E+000 gram

0.0027 on 11/18/2016 10:08:56 AM

.98E-003
.09E-002
.33E-003
.04E-003

Peak Match Tolerance: 0.175 MeV
-————- PEAK *AREA REPORT -
Energy Net Pk Area Ambient Reagent FWHM
" Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev
TH-227 5.802 10.49 62.21 0.51 0.00E+000 4,
TH-228 5.360 53.81 27.06 1.18 0.00E+000 8.
TH-229 T 4.876 214 .32 13.41 .68 0.00E+000 5.
TH-230 4.626 68.66 23.72 0.34 0.00E+000 4,
TH~232 3.9439 57.00 26,19 0.00 0.00E+000 4.
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS e
Id Energy Aetivity MDA
Nuclide Conf {keV) {pCi/gram ) (pCi/gram
TH-227 0.988 5850.00* 1.08E-00Ll +/- 6.94E-002 5.43E-002 +/-
THE-228 0.991 5400.00% 6:04E—001 +/- 1.86E-001 7.40E-002 +/-
TH-229 1.G00 4872.00% 2.15E+000 +/- 3.17E-Q01 - 5.66E-002 +/-
TH-230 0.589 4672 .,00% 6.87E-001 +/- 1.92E-001 4.78BE-002 +/-
TH-232 0.988 39397.00%* 5.69E-001 +/- 1.71E-001 5.98E-002 +/-

.81E-003

0230
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